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A B S T R A C T

D I V E R S I T Y , B I O G E O G R A P H Y , A N D T A P H O N O M Y O F L A T E C R E T A C E O U S
C H O N D R I C H T H Y A N S F R O M M O N T A N A

B y

Y a s e m i n I f a k a t T u l u

T h e c h o n d r i c h t h y a n f a u n a o f t h e L a t e C r e t a c e o u s o f M o n t a n a w a s l a s t

c o m p r e h e n s i v e l y r e v i e w e d b y C a s e i n t h e l a t e 1 9 7 0 3 . C o l l e c t i o n s f r o m v e r t e b r a t e l a g

d e p o s i t s ( 2 0 0 2 a n d 2 0 0 6 ) f r o m t h e W o o d h a w k B o n e b e d ( W H ) a n d P o w e r P l a n t F e r r y

B o n e b e d ( P P F ) r e s p e c t i v e l y o f t h e J u d i t h R i v e r F o r m a t i o n ( J R F ) a d d s i x a d d i t i o n a l s p e c i e s

t o t h e p r e v i o u s k n o w n d i v e r s i t y f r o m t h e J R F , n a m e l y S q u a l i c o r a x p r i s t o d o n t u s ,

C r e t o l a m n a a p p e n d i c u l a t a , P r o t o l a m n a s o k o l o v i , I s c h y r h i z a a v o n i c o l a , P t y c h o t r y g o n

h o o v e r i , a n d P r y c h o t r y g o n t r i a n g u l a r i s . T h e s e c o l l e c t i o n s a l s o i n c l u d e p r e v i o u s l y k n o w n

s p e c i e s f r o m t h e J R F , H y b o d u s m o n t a n e n s i s , C r e t o r e c t o l o b u s O l s o m ' , S q u a l i c o r a x k a u p i ,

S q u a l i c o r a x s p . , c f . S . k a u p i , H y p o t o d u s g r a n d i s , H y p o t o d u s s p p . , A r c h a e o l a m n a

k o p i n g e n s i s , A r c h a e o t r i a k i s r o c h e l l e a e , P r o t o p l a r y r h i n a r e n a e , I s c h y r h i z a m i r a , M y l e d a p h u s

b i p a r t i t u s a n d a c h i m a e r i d , I s c h y o d u s .

T h e c o m b i n e d f a u n a s f r o m t h e W H a n d P P F a n d C a s e ’ s s t u d i e s ( 1 9 7 8 a a n d 1 9 7 9 )

i n d i c a t e t h a t t h e J R F w a s a c o a s t a l , w a r m s h a l l o w m a r g i n a l m a r i n e e n v i r o n m e n t

s u p p o r t i n g a m o d e r a t e l y d i v e r s e f a u n a o f m o s t l y l a m n i f o r m s a n d r a j i f o r m s .

B i o g e o g r a p h y a n a l y s e s o f e l a s m o b r a n c h s f r o m t h e W e s t e r n I n t e r i o r S e a w a y ( W I S ) s h o w

t h a t 1 7 o f t h e J R F t a x a a r e e n d e m i c e i t h e r t o t h e J R F o r t o t h e e n d o f t h e C r e t a c e o u s o f

t h e W I S . A l s o p r e s e n t a r e f i v e c o s m o p o l i t a n s p e c i e s . T h e s p e c i e s c o m p o s i t i o n s o f C a s e ’ s

s t u d y a n d t h i s s t u d y d i f f e r s , s u c h t h a t , t h e c o m b i n e d f a u n a s p r o d u c e a m o r e

c o m p r e h e n s i v e f a u n a l l i s t t h a t i s o n p a r w i t h c o n t e m p o r a n e o u s f a u n a s f r o m s i m i l a r



e n v i r o n m e n t s t o t h a t o f t h e J R F , a n d t h a t t h e J R F f a u n a a l o n g w i t h t h e f a u n a s o f t h e

D i n o s a u r P a r k F o r m a t i o n ( A l b e r t a ) , “ M e s a v e r d e F o r m a t i o n ” ( W y o m i n g ) , a n d t h e H e l l

C r e e k F o r m a t i o n ( M o n t a n a ) f o r m t h e J u d i t h R i v e r P r o v i n c e a t t h e g e n e r i c l e v e l i n a

P a r s i m o n y A n a l y s i s o f E n d e m i c i t y ( P A E ) .

M o s t o f t h e s p e c i e s c o l l e c t e d a r e a u t o c h t h o n o u s ; t h o s e f o u n d i n s i t u a r e l i k e l y t o b e

l e s s a b r a d e d t h a n m a t e r i a l b r o u g h t i n , a s e v i d e n c e d b y t a p h o n o m i c e x p e r i m e n t s .

E x p e r i m e n t s a l s o s h o w t h a t t h e t w o l o c a t i o n s , d e s p i t e c l o s e p r o x i m i t y t o e a c h o t h e r , s h o w

l o c a l i z e d a r e a s o f v a r i a b l e e n e r g y t h a t a f f e c t e d t h e f a u n a l c o m p o s i t i o n s l i g h t l y , t h e

a b u n d a n c e o f m a t e r i a l , a n d t h e q u a l i t y o f p r e s e r v a t i o n . T h e W H i s a h i g h e r e n e r g y

e n v i r o n m e n t w h e r e a d d i t i o n a l m a t e r i a l f r o m f a r t h e r o f f s h o r e i s t r a n s p o r t e d i n a n d m i x e d

w i t h l o c a l m a t e r i a l , r e s u l t i n g i n a h i g h e r d e g r e e o f a b r a s i o n o f m a t e r i a l c o m p a r e d t o t h a t

p r e s e r v e d a t P P F . T h i s h a s c r e a t e d a m i x e d m a r i n e a n d e s t u a r i n e a s s e m b l a g e , w h i c h i n

t u r n h a s p r o d u c e d m i x e d i n t e r p r e t a t i o n s o f t h e g e o l o g y a n d p a l e o n t o l o g y o f t h e J R F . T h e

e x p e r i m e n t a l a p p r o a c h a p p l i e d h e r e p e r m i t s : d i s t i n g u i s h i n g a u t o c h t h o n o u s f r o m

a l l o c h t h o n o u s f o s s i l v e r t e b r a t e h a r d p a r t s , q u a n t i fi c a t i o n o f t h e a m o u n t o f t r a n s p o r t a n d

w e a r , a n d c l a r i fi c a t i o n o f t h e p o t e n t i a l f o r p o s t m o r t e m e f f e c t s s u c h a s t h e l o s s o r

d i s t o r t i o n o f d i a g n o s t i c s k e l e t a l f e a t u r e s . I n t h e c a s e o f s h a r k t e e t h , t h e r o o t l o b e s a n d

a p e x o f t h e c u s p w e a r d o w n fi r s t , f o l l o w e d b y o t h e r p r o j e c t i o n s s u c h a s c u s p l e t s . L o s s o f

t h e s e f e a t u r e s s u g g e s t s t h e e f f e c t s o f t a p h o n o m i c p r o c e s s e s . H o w e v e r , t a p h o n o m i c i n s i g h t

i s a c h i e v e d a t t h e c o s t o f i n f o r m a t i o n o n t h e t a x o n a n d t h e f a u n a o v e r a l l . A p r e l i m i n a r y

p r o d u c t f r o m t h e s e o b s e r v a t i o n s a n d e x p e r i m e n t s i s a t a p h o n o m i c s c a l e t h a t c a n b e

a p p l i e d t o m o d e r a t e l y w o r n s h a r k t e e t h t o a s s e s s a m o u n t o f w e a r a n d r e l a t i v e

e n v i r o n m e n t .



T o t h e g r a n d p a r e n t s I n e v e r h a d t h e c h a n c e t o k n o w :

A h m e t T u l u

5 M a y 1 9 1 1 — 1 5 M a r c h 1 9 7 8

a n d

I f a k a t T u l u
2 1 F e b r u a r y 1 9 2 1 — 7 S e p t e m b e r 1 9 7 0

T o t h e g r a n d p a r e n t s w h o w e n t t o o s o o n :

G r a n d p a a n d G r a n d m a ,

B e r n a r d P a t r i c k D o n n e l l y
3 0 J u l y 1 9 1 6 - 2 M a r c h 2 0 0 3

a n d

V i r g i n i a N a g h t e n D o n n e l l y

2 5 M a r c h 1 9 1 5 - 1 3 D e c e m b e r 2 0 0 1

T o a f r i e n d w h o s h o u l d s t i l l b e h e r e :

J . A l a n H o l m a n
2 4 S e p t e m b e r 1 9 3 1 — 1 2 A u g u s t 2 0 0 6

A n d t o m y f u r r y b e l o v e d s i s t e r :

A s i n a

1 8 M a y 1 9 9 5 — 2 3 D e c e m b e r 2 0 0 9

i v



A C K N O W L E D G M E N T S

T h a n k s g o t o m y a d v i s o r D r . M i c h a e l D . G o t t f r i e d f o r h i s a s s i s t a n c e a n d g u i d a n c e

t h r o u g h t h e p r o j e c t ( a n d f o r p u t t i n g u p w i t h m e ) a s w e l l a s t o m y c o m m i t t e e m e m b e r s ,

D r . R o b e r t L . A n s t e y , D r . R a l p h E . T a g g a r t , a n d D r . T h o m a s G . C o o n a s w e l l a s t o D r .

G a r y S . W e i s s m a n n ( w h o l e f t M S U t o p u r s u e o p p o r t u n i t i e s i n N e w M e x i c o ) f o r t h e i r

a d v i c e , c o m m e n t s , a n d h e l p o n t h e d i s s e r t a t i o n a s w e l l a s f o r a c c e s s t o

r e s o u r c e s / m a t e r i a l s t h a t w e r e g r e a t l y n e e d e d f o r t h e p r o j e c t . E x p r e s s t h a n k s a l s o g o t o

m y h o n o r a r y c o m m i t t e e m e m b e r ( e v e n i f n o t o n p a p e r ) D r . R a y m o n d R . R o g e r s a t

M a c a l e s t e r C o l l e g e f o r t h e i n i t i a l s u g g e s t i o n o f t h e p r o j e c t , p r o c u r e m e n t o f t h e i n i t i a l

m a t r i x , l e t t i n g m e t a g a l o n g i n t h e fi e l d w i t h h i m ( 2 0 0 6 ) , f o r a d v i c e a n d c o m m e n t s , a n d

f o r b e i n g a n a l l - a r o u n d g r e a t g u y , a n d a l s o t o D r . K r i s t i n a A . C u r r y R o g e r s ( M a c a l e s t e r

C o l l e g e ) , a n d J a c k i e H o f f ( S c i e n c e M u s e u m o f M i n n e s o t a ) f o r a s s i g n m e n t s o f c a t a l o g u e

n u m b e r s f o r t h e s p e c i m e n s ’ fi n a l r e s t i n g p l a c e . T h a n k s t o J i m M i t c h e l l o f t h e B u r e a u o f

L a n d M a n a g e m e n t i n L e w i s t o w n , M o n t a n a f o r h e l p i n g m e g e t o u t t o t h e fi e l d s i t e f o r m y

f a i l e d fi e l d s e a s o n o f 2 0 0 5 .

T h a n k s g o t o p r e v i o u s v e r t e b r a t e p a l e o n t o l o g y s t u d e n t s n a m e l y J o h n B u r r i s f o r h i s

t h o u g h t f u l a n d i n s i g h t f u l d i s c u s s i o n s a n d k e e p i n g m e s a n e ( o r a s c l o s e a s p o s s i b l e ) i n t h e

e a r l y y e a r s a n d A m y S m i t h f o r q u i c k F r e n c h t r a n s l a t i o n s o f m u c h n e e d e d r e f e r e n c e s ,

c o n s t a n t a s s i s t a n c e w i t h n e w f a n g l e d t e c h n o l o g y , a n d a c c o m p a n i m e n t o n s t r e s s r e l i e v i n g

t r i p s i n t h e l a t e r y e a r s . T h a n k s s h o u l d a l s o g o t o M o i r a D o n n e l l y i n h e l p i n g w i t h S E M

i m a g e p r e p a r a t i o n i n 2 0 0 3 . T h o m a s P a l a z z o l o o f t h e M a c h i n e S h o p i n t h e D e p a r t m e n t o f



P h y s i c s a n d A s t r o n o m y a t M S U w a s h e l p f u l i s d e t e r m i n i n g t h e e v e n t u a l t a p h o n o m i c

e x p e r i m e n t a l s e t u p , J o h n L e n z y c k i o f t h e M a r i t i m e A q u a r i u m i n N o r w a l k , C o n n e c t i c u t

n e e d s t o b e a c k n o w l e d g e d f o r p r o c u r i n g m o d e r n s h a r k t e e t h f o r t a p h o n o m y e x p e r i m e n t s ,

a n d D a v i d P . V o s s o f t h e C h e m i s t r y D e p a r t m e n t a t M S U f o r t h e l o a n o f a n a n a l y t i c a l

b a l a n c e t h a t w a s i m p e r a t i v e t o t h e e x p e r i m e n t a l p o r t i o n o f t h i s r e s e a r c h . R u s s e l l A l l e n o f

T h e S h r i m p F a r m M a r k e t i n O k e m o s , M I p r o v i d e d a c c e s s t o h u n g r y s h r i m p i n a t t e m p t s

t o e x t r a c t s h a r k t e e t h f r o m s h a r k j a w s w h i c h i n t u r n p r o v i d e d i n t r i g u i n g n e w q u e s t i o n s

r e g a r d i n g t a p h o n o m y ( t h a n k s ) . T h a n k s t o t h e C e n t e r f o r S t a t i s t i c a l T r a i n i n g a n d

C o n s u l t i n g ( C S T A T ) f o r g e t t i n g m e i n t o u c h w i t h S h u j i e M a o f t h e D e p a r t m e n t o f

S t a t i s t i c s a n d P r o b a b i l i t y f o r h e l p o n s t a t i s t i c a l p r o b l e m s . A d d i t i o n a l s t a t i s t i c a l a n d

P A S T h e l p c a m e f r o m J o s h u a B a r r i n g e r , f o r m e r M S U p a l e o n t o l o g y s t u d e n t a n d P a v e l

D o d o n o v o f t h e E c o l o g y a n d N a t u r a l R e s o u r c e s P o s t - G r a d u a t i o n P r o g r a m , 8 5 0 C a r l o s

F e d e r a l U n i v e r s i t y ( U F S C a r ) , S a o P a u l o , B r a z i l . T h a n k s a l s o t o D r . G r a h a m e J . L a r s o n

f o r g e n e r a l s a g e a d v i c e , a n d t o t h e o f fi c e s t a f f o f t h e D e p a r t m e n t o f G e o l o g i c a l S c i e n c e s

f o r h e l p t h r o u g h t h e y e a r s .

M a n y t h a n k s a l s o g o t o p e o p l e a t t h e C a l v e r t M a r i n e M u s e u m ( C M M ) i n S o l o m o n s ,

M a r y l a n d - f o r h i r i n g m e m i d - s e m e s t e r ( m y l a s t s e m e s t e r ! ) t o u p r o o t a n d s t a t i o n m y s e l f

i n a t o t a l l y n e w e n v i r o n m e n t . T h a n k s s p e c i fi c a l l y g o t o D r . S t e p h e n J . G o d f r e y f o r h i s

p a t i e n c e a n d o v e r a l l t o l e r a n c e ( a n d a v e r y n e c e s s a r y , u n e x p e c t e d F r e n c h t r a n s l a t i o n l a t e

i n t h e g a m e ) a n d t o R a c h e l R e e s e ( y o u a r e a l i f e s a v e r ! ) f o r q u i c k a n d n e c e s s a r y t u t o r i a l s

i n P h o t o S h o p a n d r e l a t e d p r o g r a m s ( y e s , I a m fi n a l l y l e a r n i n g s o m e c o m p u t e r - t y p e

t h i n g s ) t h a t w e r e i n s t r u m e n t a l i n p r e p a r i n g n e a r l y 2 0 0 0 i m a g e s f r o m m y e x p e r i m e n t s .

v i



M i k e P o l c y n p r o v i d e d a m u c h n e e d e d r e f e r e n c e w h e r e o t h e r s f a i l e d t o d e l i v e r . T h a n k

y o u .

M y t i m e a t M S U w a s a i d e d w i t h f u n d s t h a t c o v e r e d a n y t h i n g f r o m t r a v e l t o s c i e n t i f i c

m e e t i n g s t o g e n e r a l r e s e a r c h e x p e n s e s a n d t u i t i o n . T r a v e l a w a r d s i n c l u d e : S i g m a X i

T r a v e l G r a n t ( a u t u m n 2 0 0 6 ) , G e o l o g i c a l S o c i e t y o f A m e r i c a T r a v e l G r a n t ( a u t u m n

2 0 0 6 ) , M S U G r a d u a t e S c h o o l T r a v e l G r a n t ( a u t u m n 2 0 0 6 a n d s u m m e r 2 0 0 7 ) , M S U

D e p a r t m e n t o f G e o l o g i c a l S c i e n c e s T r a v e l G r a n t ( a u t u m n s 2 0 0 5 a n d 2 0 0 6 , s p r i n g 2 0 0 8 ,

a n d s u m m e r 2 0 0 8 ) , M S U C o u n c i l o f G r a d u a t e S t u d e n t s ( C O G S ) T r a v e l G r a n t ( a u t u m n

2 0 0 6 ) , t h e G r a d u a t e S t u d e n t I n t e r n a t i o n a l T r a v e l G r a n t ( G S I T G ) f r o m t h e I n t e r n a t i o n a l

S t u d i e s a n d P r o g r a m s ( I S P ) ( s u m m e r 2 0 0 7 ) , t h e T r a v e l A w a r d f r o m t h e G r a h a m R y d e r

M e m o r i a l F u n d f r o m t h e M S U D e p a r t m e n t o f G e o l o g i c a l S c i e n c e s ( s u m m e r 2 0 0 7 ) , t h e

I n t e r n a t i o n a l G e o l o g i c a l C o r r e l a t i o n P r o g r a m m e ( I G C P 4 9 1 ) ( s u m m e r 2 0 0 7 ) , t h e D r y d e n

E n d o w m e n t F u n d f o r P a l e o n t o l o g y a t t h e C M M ( s u m m e r a n d a u t u m n 2 0 0 7 a n d s u m m e r

a n d a u t u m n 2 0 0 8 ) , t h e J a c k s o n S c h o o l o f G e o s c i e n c e s S t u d e n t M e m b e r T r a v e l G r a n t

( S o c i e t y o f V e r t e b r a t e P a l e o n t o l o g y ) ( a u t u m n 2 0 0 7 ) , a n d t h e J o n e s - F e n l e i g h M e m o r i a l

F u n d ( S y m p o s i u m o f V e r t e b r a t e P a l a e o n t o l o g y a n d C o m p a r a t i v e A n a t o m y ) ( s u m m e r

2 0 0 8 ) . R e s e a r c h a w a r d s c o m p r i s e o f : S i g m a X i R e s e a r c h G r a n t ( s p r i n g 2 0 0 6 ) , M S U
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D r a w i n g s o f M y l e d a p h u s b i p a r t i t u s t o o t h ( a . o c c l u s a l V i e w , b . b a s a l V i e w , c . l a t e r a l
V i e w ) , S M M P 2 0 0 3 : 8 : 1 8 : 1 . S E M S o f M y l e d a p h u s b i p a r t i t u s t o o t h ( d . o c c l u s a l v i e w ,

C . b a s a l V i e w ) , S M M P 2 0 0 3 : 8 : 1 8 : 2 . D r a w i n g o f M y l e d a p h u s b i p a r t i t u s t o o t h ( f .

l a t e r a l V i e w ) , S M M P 2 0 0 6 : 1 3 : 1 6 : 1 . D r a w i n g s o f d e r m a l d e n t i c l e o f M . b i p a r t i t u s ( g .
o c c l u s a l V i e w , h . l a t e r a l V i e w ) , S M M P 2 0 0 3 : 8 : 1 8 : 4 . S c a l e b a r = 1 . 0 m m a — d , f , 0 . 5

m e , a n d 5 . 0 m m f o r g - h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 ]

D r a w i n g o f p a r t i a l I s c h y o d u s ( c h i m a e r i d ) t o o t h p l a t e , S M M P 2 0 0 3 : 8 : 2 3 : 1 . S c a l e b a r
= 5 . 0 m m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 2

D r a w i n g s o f P a r a l b u l a c a s e i p h a r y n g e a l t o o t h p l a t e ( a . o c c l u s a l V i e w , b . b a s a l v i e w ) ,
S M M P 2 0 0 3 : 8 : 2 4 . S c a l e b a r = 1 . 0 m m a - b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 2

W e s t e r n I n t e r i o r S e a w a y ( W I S ) 7 5 M a ( a p p r o x i m a t e a g e o f t h e J R F i n M o n t a n a ) -

g e o g r a p h i c a l f o c u s f o r J R F f a u n a l c o m p a r i s o n s w i t h l o c a l a r e a s / f o r m a t i o n s o f t h i s
s t u d y r o u g h l y p o s i t i o n e d ( m o d i fi e d f r o m B l a k e y , 2 0 0 9 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 1

G e n e r a l i z e d c o r r e l a t i o n c h a r t o f f o r m a t i o n s / u n i t s o f t h e W I S i n t h e s t u d y . J R F

M o n t a n a i s b r a c k e t e d i n b l a c k . I n f o r m a t i o n g a t h e r e d f r o m s t u d i e s c i t e d i n c a p t i o n
f o r T a b l e 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3 4

C l u s t e r a n a l y s i s o f g e n e r a b y f o r m a t i o n f r o m t h e W I S . E a c h b r a c k e t e d c l u s t e r i s

i l l u s t r a t e d i n m o r e d e t a i l i n F i g u r e s 5 7 - 5 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4 2

S u b s e t f r o m fi g u r e 5 6 , b r a c k e t 1 . C l u s t e r a n a l y s i s o f g e n e r a b y f o r m a t i o n f r o m t h e
W I S . S y n o d o n t a s p i s ( A ) , 0 d 0 n t a s p i s * ( B * ) , C r e t o r e c t o l o b u s * ( C * ) ,

X X
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E u c r o s s o r h i n u s * ( D * ) , H y p o t o d u s * ( E * ) , A r c h a e o t r i a k i s * ( F * ) , S y n e c h o d u s * ( G * ) ,

C e n t r o p h o r o i d e s ( H ) , B r a c h a e l u r u s ( I ) , P s e u d o d o n t a s p i s ( J ) , A n k i s t r o r h y n c h u s ( K ) ,

I s c h y r h i z a * ( L * ) , M y l e d a p h u s * ( M * ) , S c l e r o r h y n c h i d a e i n d e t . * ( N * ) ,

A r c h a e o l a m n a * ( 0 * ) , C a r c h a r h i n i f o r m e s i n c e r t a e s e d i s ( P ) , a n d P t y c h o t r y g o n *
( Q * ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4 4

S u b s e t f r o m fi g u r e 5 6 , b r a c k e t 2 . C l u s t e r a n a l y s i s o f g e n e r a b y f o r m a t i o n f r o m t h e
W I S . J o h n l o n g i a ( R ) , C r e t o d u s ( S ) , S q u a l i c o r a x * ( T * ) , ? G a n o p r i s t i n a e ( U ) , F a m i l y

- ? G a n o p r i s t i n a e ( V ) , C r e t o x y r h i n a ( W ) , D a l l a s i e l l a ( X ) , K i e s t u s ( Y ) , C r e t o m a n t a

( Z ) , P r o t o l a m n a * ( A A * ) , P o l y a c r o d u s ( A B ) , H y b o d u s * ( A C * ) , ? R h i n c o d o n t i d a e

( A D ) , L e p t o s t y r a x ( A E ) , S c a p a n o r h y n c h u s ( A F ) , O n c h o p r i s t i s ( A G ) , E n a n t i o b a t i s

( A H ) , P s e u d o h y p o l o p h u s ( A I ) , C r e t o l a m n a * ( A J * ) , P a r a i s u r u s ( A K ) ,

C a n t i o s c y l l i u m ( A L ) , S c y l i o r h i n i d a e ( A M ) , D a s y a t i s ( A N ) , M i c r o c o r a x ( A O ) ,

P a r a r h i n d o d o n ( A P ) , P t y c h o d u s ( A Q ) , ? D a s y a t i d a e ( A R ) , S q u a t i r h i n a * ( A S * ) , a n d

C e n o c a r c h a r i a s ( A T ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4 6

S u b s e t f r o m fi g u r e 5 6 , b r a c k e t 3 . C l u s t e r a n a l y s i s o f g e n e r a b y f o r m a t i o n f r o m t h e
W I S . G i n g l y m o s t o m a ( A U ) , N e b r i u s ( A V ) , A n o m o t o d o n ( A W ) , S c y l i o r h i n u s ( A X ) ,

S q u a t i g a l e u s ( A Y ) , T r i a k i d a e o r C a r c h i a r h i n i d a e i n d e t . g e n . ( A Z ) , R a j a ( B A ) ,

H a m r a b a t i s ( B B ) , S c h i z o r h i z a ( B C ) , C o u p a t e z i a ( B D ) , T e x a b a t i s ( B E ) , R h o m b o d u s

( B F ) , E w i n g i a ( B G ) , P r o t o p l a t y r h i n a * ( B H * ) , P e y e r i a ( B I ) , C a r c h a r i a s ( B J ) ,

S e r r a t o l a m n a ( B K ) , G a l e o r h i n u s ( B L ) , C h i l o s c y l l i u m * ( B M * ) , S o m n i o s i n a e

( s u b f a m i l y ) ( B N ) , S c a p a n o r h y n c h u s s p . o r C a r c h a r i a s s p . ( B O ) , O n c h o s a u r u s ( B P ) ,

B r a c h y r h i z o d u s ( B Q ) , M y l i o b a t i d a e ( B R ) , T e x a t r y g o n ( B S ) , H e t e r o d o n t u s ( B T ) ,

P s e u d o c o r a x ( B U ) , R h i n o b a t o s ( B V ) , S c l e r o r h y n c h u s ( B W ) , P l i c a t o s c y l l i u m ( B X ) ,

S q u a t i n a ( B Y ) , S q u a l u s ( B Z ) , L i s s o d u s ( C A ) , H e x a n c h u s ( C B ) , E t m o p t e r i n a e

( s u b f a m i l y ) ( C C ) , P a l a e o g a l e u s ( C D ) , R a j i d a e ( C E ) , a n d P a r a n o m o t o d o n ( C F ) . . . . 1 4 8

C l u s t e r a n a l y s i s o f f o r m a t i o n s b y g e n e r a f r o m t h e W I S . B r a c k e t 1 S D C a r l i l e S h a l e
( A ) , K S C a r l i l e S h a l e F o r m a t i o n ( B ) , K S N i o b r a r a C h a l k ( C ) , T X A u s t i n G r o u p ( D ) ,

T X E a g l e F o r d G r o u p ( E ) , A Z G r e e n h o r n C y c l o t h e m ( F ) , K S N i o b r a r a F o r m a t i o n
( G ) , S D G r e e n h o r n F o r m a t i o n ( H ) , C O G r e e n h o r n L i m e s t o n e ( I ) , T X W o o d b i n e

G r o u p ( J ) , T X T a y l o r G r o u p ( K ) , a n d T X N a v a r r o G r o u p ( L ) . B r a c k e t 2 N D H e l l

C r e e k F o r m a t i o n ( M ) , S K J u d i t h R i v e r F o r m a t i o n ( N ) , A B J u d i t h R i v e r F o r m a t i o n

( O ) , M T J u d i t h R i v e r F o r m a t i o n * ( P * ) , A B D i n o s a u r P a r k F o r m a t i o n ( Q ) , W Y L a n c e

F o r m a t i o n ( R ) , M T H e l l C r e e k F o r m a t i o n ( S ) , a n d W Y “ M e s a v e r d e F o r m a t i o n ”

( T ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 0

C l u s t e r a n a l y s i s o f s p e c i e s b y f o r m a t i o n f r o m t h e W I S . E a c h b r a c k e t e d c l u s t e r i s
i l l u s t r a t e d i n m o r e d e t a i l i n F i g u r e s 6 2 - 6 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 1

S u b s e t f r o m fi g u r e 6 1 , b r a c k e t 1 . C l u s t e r a n a l y s i s o f s p e c i e s b y f o r m a t i o n f r o m t h e
W I S . O d o n t a s p i s s a s k a t c h e w a n e n s i s ( A ) , P l y c h o d u s r u g o s u s ( B ) , S y n o d o n t a s p i s
l i l l i a e ( C ) , C r e t o d u s s p . ( D ) , S q u a l i c o r a x f a l c a t u s ( E ) , C r e t o m a n t a c a n a d e n s i s ( F ) ,

P t y c h o d u s w h i p p l e i ( G ) , P t y c h o d u s s p . ( H ) , P t y c h o d u s c o n n e l l y i ( I ) ,
S c a p a n o r h y n c h u s r a p h i o d o n ( J ) , R h i n o b a t o s i n c e r t u s ( K ) , C r e t o x y r h i n a m a n t e l l i ( L ) ,

x x i
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P t y c h o d u s m o r t o n i ( M ) , P r o t o l a m n a c o m p r e s s i d e n s ( N ) , S q u a l i c o r a x s p . 1 ( O ) ,

S q u a l i c o r a x s p . 2 ( P ) , R h i n o b a t o s k i e s t e n s i s ( Q ) , R h i n o b a t o s l o b a t u s ( R ) , K i e s t u s

t e x a n u s ( S ) , S c l e r o r h y n c h u s p r i s c u s ( T ) , S c l e r o r h y n c h u s s p . ( U ) , T e x a t r y g o n h o o v e r i

( V ) , D a l l a s i e l l a w i l l i s t o m ' ( W ) , P t y c h o d u s I a t i s s i m u s ( X ) , H y b o d u s s p . 3 ( Y ) ,

H e t e r o d o n t u s s p . ( Z ) , C h i l o s c y l l i u m g r e e n i ( A A ) , S q u a l i c o r a x v o l g e n s i s ( A B ) ,

C a r c h a r i a s a m o n e n s i s ( A C ) , S q u a l i c o r a x c u r v a t u s ( A D ) , P t y c h o d u s a n o n y m u s ( A E ) ,

P o l y a c r o d u s i l l i n g s w o r t h i ( A F ) , P t y c h o d u s o c c i d e n t a l i s ( A G ) , ? R h i n c o d o n t i d a e

( A H ) , C a r c h a r i a s s p . A ( A 1 ) , S q u a l i c o r a x s p . ( A J ) , P t y c h o d u s m a m m i l a r i s ( A K ) ,

P t y c h o d u s d e c u r r e n s ( A L ) , C h i l o s c y l l i u m s p . ( A M ) , C r e t o d u s s e m i p l i c a t u s ( A N ) ,

C r e t o l a m n a w o o d w a r d i ( A O ) , c f . L e p t o s t y r a x s p . ( A P ) , P r o t o p l a l y r h i n a h o p i i ( A Q ) ,

I s c h y r h i z a s c h n e i d e r i ( A R ) , O n c h o p r i s t i s d u n k l e i ( A S ) , P t y c h o t r y g o n r u b y a e ( A T ) ,

B r a c h a e l u r u s g r e e n i ( A U ) , C a n t i o s c y l l i u m d e c i p i e n s ( A V ) , ? R h i n o b a t o s i n c e r t u s s p .

( A W ) , ? G a n o p r i s t i n a e ( A X ) , P t y c h o t r y g o n l e d o u x i ( A Y ) , P t y c h o t r y g o n t r i a n g u l a r i s *

( A Z * ) , R h i n o b a t o s s p . ( B A ) , S y n e c h o d u s i l l i n g w o r t h i ? ( B B ) , P t y c h o d u s p o l y g y r u s

( B C ) , J o h n l o n g i a p a r v i d e n s ( B D ) , S y n e c h o d u s s p . ( B E ) , a n d F a m i l y - ? G a n o p r i s t i n a e

( B F ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 3

S u b s e t f r o m fi g u r e 6 1 , b r a c k e t 2 . C l u s t e r a n a l y s i s o f s p e c i e s b y f o r m a t i o n f r o m t h e
W I S . ? P s e u d o h y p o l o p h u s s p . ( B G ) , O d o n t a s p i s a m o n e n s i s ( B H ) , L i s s o d u s s p . ( B I ) ,

H y b o d u s s p . ( B J ) , H y b o d u s s p . 1 ( B K ) , H y b o d u s s p . 2 ( B L ) , C r e t o r e c t o l o b u s s p .

( B M ) , P a r a r h i n c o d o n a f f . l e h m a n i ( B N ) , C e n o c a r c h a r i a s t e n u i p l i c a t u s ( B O ) ,

O d o n t a s p i s t e n u i p l i c a t u s ( B P ) , S c a p a n o r h y n c h u s a f f . p r a e r a p h i o d o n ( B Q ) ,

L e p t o s t y r a x m a c r o r h i z a ( B R ) , P a r a i s u r u s c o m p r e s s u s ( B S ) , P r o t o l a m n a c a r t e r i

( B T ) , S q u a l i c o r a x b a h a r i j e n s i s ( B U ) , P s e u d o h y p o l o p h u s m c n u l t y i ( B V ) ,

P t y c h o t r y g o n s l a u g h t e r i ( B W ) , ? D a s y a t i d a e ( B X ) , E n a n t i o b a t i s t a r r a n t e n s i s ( B Y ) ,

P t y c h o t r y g o n h 0 0 v e r i * ( B Z * ) , P r o t o l a m n a s o k o l o v i * ( C A * ) , C a n t i o s c y l l i u m s p .

( C B ) , M i c r o c o r a x c r a s s u s ( C C ) , ? S q u a t i r h i n a s p . ( C D ) , I s c h y r h i z a s p . * ( C E * ) ,

C a r c h a r i a s s p . ( C F ) , O d o n t a s p i s s p . ( C G ) , C r e t o l a m n a a p p e n d i c u l a t a * ( C H * ) ,

P e y e r i a s p . ( C I ) , c f . P a r a r h i n c o d o n s p . ( C J ) , C a r c h a r i a s s a s k a t c h e w a n e n s i s ( C K ) ,

C a r c h a r i a s t e n u i p l i c a t u s ( C L ) , c f . J o h n l o n g i a s p . ( C M ) , C a r c h a r h i n i f o r m e s i n c e r t a e

s e d i s ( C N ) , a n d P t y c h o t r y g o n s p . ( C O ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 5

. S u b s e t f r o m fi g u r e 6 1 , b r a c k e t 3 . C l u s t e r a n a l y s i s o f s p e c i e s b y f o r m a t i o n f r o m t h e

W I S . C a r c h a r i a s s t e i n e r i ( C P ) , C r e t o r e c t o l o b u s a l s o m ' * ( C Q * ) , E u c r o s s o r h i n u s

m i c r o c u s p i d a t u s * ( C R * ) , P r o t o p l a t y r h i n a r e n a e * ( C S * ) , I s c h y r h i z a m i r a * ( C T * ) ,

P t y c h o t r y g o n b l a i n e n s i s * ( C U * ) , S q u a t i r h i n a s p . * ( C V * ) , O d o n t a s p i s s a n g u i n e i *
( C W * ) , M y l e d a p h u s b i p a r t i t u s * ( C X * ) , H y p o t o d u s s p p . * ( C Y * ) , S y n e c h o d u s

a n d e r s o n i * ( C Z * ) , H y b o d u s s t o r e r i * ( D A * ) , H y b o d u s m o n t a n e n s i s * ( D B * ) ,

S y n e c h o d u s s t r i a t u s * D C * ) , H y p o t o d u s g r a n d i s * ( D D * ) , A r c h a e o t r i a k i s r o c h e l l e a e *

( D B * ) , S c l e r o r h y n c h i d a e i n d e t . * ( D F * ) , A r c h a e o l a m n a k 0 p i n g e n s i s * ( D G * ) ,

B r a c h a e l u r u s b i g h o m e n s i s ( D H ) , L i s s o d u s g r i fi ‘ i s i ( D I ) , C e n t r o p h o r o i d e s

w o r l a n d e n s i s ( D J ) , S y n e c h o d u s t u m e r i ( D K ) , C h i l o s c y l l i u m m i s s o u r i e n s i s * ( D L * ) ,

G i n g l y m o s t o m a g l o b i d e n s ( D M ) , O d o m a s p i s c h e a t h a m i ( D N ) , O d o n t a s p i s s t e i n e r i

( D O ) , P s e u d o d o n t a s p i s h e r b s t i ( D P ) , S q u a l i c o r a x k a u p i * ( D Q * ) , S q u a l i c o r a x

p r i s t o d o n t u s * ( D R * ) , S c y l i o r h i n u s t e n s l e e p e n s i s ( D S ) , A r c h a e o t r i a k i s a m a t u s ( D T ) ,

S q u a t i r h i n a r o e s s i n g i ( D U ) , A n k i s t r o r h y n c h u s w a s h a k i e n s i s ( D V ) , I s c h y r h i z a

x x i i
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b a s i n e n s i s ( D W ) , P t y c h o t r y g o n b o o t h i ( D X ) , P t y c h o t r y g o n e l l a e ( D Y ) , P t y c h o t r y g o n

g r e y b u l l e n s i s ( D Z ) , R h i n o b a t o s c a s i e r i ( E A ) , a n d S c a p a n o r h y n c h u s t e x a n u s

( E B ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 7

S u b s e t f r o m fi g u r e 6 1 , b r a c k e t 4 . C l u s t e r a n a l y s i s o f s p e c i e s b y f o r m a t i o n f r o m t h e
W I S . H y b o d u s w y o m i n g e n s i s ( E C ) , O d o n t a s p i s a c u l e a t u s ( E D ) , H e x a n c h u s s p .

( E E ) , H e t e r o d o n t u s g r a n t i ( E F ) , G i n g l y m o s t o m a s p . ( E G ) , N e b r i u s s p . ( E H ) ,

R h i n o b a t o s c r a d d o c k i ( E I ) , R a j a f a r i s h i ( E J ) , H a m r a b a t i s w e l t o n i ( E K ) , I s c h y r h i z a

m o n a s t e r i c a ( E L ) , P t y c h o t r y g o n v e r m i c u l a t a ( E M ) , P t y c h o t r y g o n w i n m ' ( E N ) ,

S c h i z o r h i z a c f . w e i l e r i ( E O ) , S c l e r o r h y n c h u s p e t t e r s i ( E P ) , C o u p a t e z i a t u r n e r i ( E Q ) ,

D a s y a t i s c o m m e r c e n s i s ( E R ) , T e x a b a t i s c o r r u g a t a ( E S ) , R h o m b o d u s b i n k h o r s t i ( E T ) ,

R h o m b o d u s ? s p . ( E U ) , E w i n g i a p r o b l e m a t i c a ( E V ) , R h i n o b a t o s u v u l a t u s ( E W ) ,

S q u a l u s s p . ( E X ) , L i s s o d u s a f f . b a b u l s k i i ( E Y ) , L i s s o d u s s p p . ( E Z ) , H e x a n c h u s

m i c r o d o n ( F A ) , S q u a l u s h u n t e n s i s ( F B ) , S q u a t i n a h a s s e i ( F C ) , C a n t i o s c y l l i u m

m e y e r i ( F D ) , P l i c a t o s c y l l i u m a n t i q u u m ( F E ) , C a r c h a r i a s h e a t h i ( F F ) , C a r c h a r i a s

h o l m d e l e n s i s ( F G ) , C a r c h a r i a s c f . s a m h a m m e r i ( F H ) , C a r c h a r i a s s p . 1 ( F l ) ,

A n o m o t o d o n t o d d i ( F J ) , C r e t o l a m n a m a r o c c a n a ( F K ) , C r e t o l a m n a s p . ( F L ) ,

S c y l i o r h i n u s i v a g r a n t a e ( F M ) , G a l e o r h i n u s a f f . g i r a r d o t i ( F N ) , P a l a e o g a l e u s

n a v a r r o e n s i s ( F O ) , S q u a t i g a l e u s s u l p h u r e n s i s ( F P ) , T r i a k i d a e o r C a r c h a r h i n i d a e

i n d e t . g e n . ( F Q ) + , S c y l i o r h i n u s a r l i n g t o n e n s i s ( F R ) + , P t y c h o t r y g o n t e x a n a ( F S ) + ,

S c a p a n o r h y n c h u s s p . ( F T ) , S q u a t i r h i n a a m e r i c a n a ( F U ) , I s c h y r h i z a a v o n i c o l a *

( F V * ) , R h i n o b a t o s l a d o m ' a e n s i s ( F W ) , L i s s o d u s s e l a c h o s ( F X ) , S o m n i o s i n a e

( s u b f a m i l y ) ( F Y ) , E t m o p t e r i n a e ( s u b f a m i l y ) ( F Z ) , P a r a r h i n c o d o n g r o e s s e n s s i ( G A ) ,

S c a p a n o r h y n c h u s s p . o r C a r c h a r i a s s p . ( G B ) , S c y l i o r h i n u s t a y l o r e n s i s ( G C ) ,

O n c h o s a u r u s p h a r o ( G D ) , S c l e r o r h y n c h u s f a r m i n e n s i s ( G E ) , S c l e r o r h y n c h u s s p .

( G F ) , T e x a t r y g o n c o p e i ( G G ) , M y l i o b a t i d a e ( G H ) , P r y c h o t r y g o n a g u j a G I ) ,

P l i c a t o s c y l l i u m d e r a m e e i ( G J ) , C a r c h a r i a s s p . B ( G K ) , S e r r a t o l a m n a s e r r a t a ( G L ) ,

G a l e o r h i n u s s p . ( G M ) , P a l a e o g a l e u s s p . ( G N ) , R a j i d a e ( G O ) , B r a c h y r h i z o d u s

w i c h i t a e n s i s ( G P ) , P s e u d o c o r a x g r a n t i ( G Q ) , S c y l i o r h i n i d a e ( G R ) , I s c h y r h i z a t e x a n a

( G S ) , D a s y a t i s s p p . ( G T ) , S c l e r o r h y n c h u s s p . ( G U ) , H e t e r o d o n t u s c f . c a n a l i c u l a t u s

( G V ) , a n d P a r a n o m o t o d o n s p . ( G W ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 9

F i g u r e 6 6 . C l u s t e r a n a l y s i s o f f o r m a t i o n s b y s p e c i e s f r o m t h e W I S . B r a c k e t 1 S D
C a r l i l e S h a l e ( A ) , K S C a r l i l e S h a l e F o r m a t i o n ( B ) , K S N i o b r a r a C h a l k ( C ) , T X E a g l e

F o r d G r o u p ( D ) , T X A u s t i n G r o u p ( E ) , A Z G r e e n h o r n C y c l o t h e m ( F ) , S D G r e e n h o r n

F o r m a t i o n ( G ) , C O G r e e n h o r n L i m e s t o n e ( H ) , K S N i o b r a r a F o r m a t i o n ( I ) , a n d T X

W o o d b i n e G r o u p ( J ) . B r a c k e t 2 N D H e l l C r e e k F o r m a t i o n ( K ) , T X T a y l o r G r o u p

( L ) , T X N a v a r r o G r o u p ( M ) , W Y L a n c e F o r m a t i o n ( N ) , M T H e l l C r e e k F o r m a t i o n

( 0 ) , S K J u d i t h R i v e r F o r m a t i o n ( P ) , M T J u d i t h R i v e r F o r m a t i o n * ( Q * ) , W Y

“ M e s a v e r d e F o r m a t i o n ” ( R ) , A B J u d i t h R i v e r F o r m a t i o n ( S ) , a n d A B D i n o s a u r P a r k

F o r m a t i o n ( T ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 1
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W e s t e r n I n t e r i o r S e a w a y ( W I S ) 7 5 M a ( a p p r o x i m a t e a g e o f t h e J R F i n M o n t a n a ) -
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T o o t h p r o c u r e m e n t a t t e m p t . S c a l e b a r = 1 0 . 0 c m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9 7

T a p h o n o m i c e x p e r i m e n t a l s e t u p . C o n s i s t i n g o f 8 E d u S c i e n c e l a p i d a r y t u m b l e r s , s a l t
w a t e r , s a n d f r o m t h e J R F , a n d m o d e r n t e e t h O f C a r c h a r i a s t a u r u s ( S h a r k ) a n d

R h i n o p t e r a b o n a s u s ( r a y ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9 8

S a m p l e t o o t h ( A 2 ) o f m o d e r n C a r c h a r i a s t a u r u s i n l i n g u a l V i e w , s t a r t i n g f r o m t i m e
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C H A P T E R O N E

I N T R O D U C T I O N

T h e C r e t a c e o u s f o r m a t i o n s o f M o n t a n a ( F i g u r e 1 ) h a v e l o n g b e e n o f i n t e r e s t t o b o t h

g e o l o g i s t s a n d p a l e o n t o l o g i s t s . T h e f o r m a t i o n s w e r e fi r s t n o t e d a s e a r l y a s t h e L e w i s a n d

C l a r k e x p e d i t i o n f r o m 1 8 0 4 - 1 8 0 6 ( L e w i s , 1 8 1 4 ) . S i n c e t h a t t i m e t h e a r e a , i n p a r t i c u l a r

t h e J u d i t h R i v e r F o r m a t i o n ( J R F ) ( n o t a b l y i n F e r g u s a n d B l a i n e c o u n t i e s ) , h a s b e e n

e x p l o r e d a n d s t u d i e d f o r i t s g e o l o g y a n d f o s s i l f a u n a ( i n p a r t i c u l a r t h e v e r t e b r a t e f a u n a )

b y , a m o n g o t h e r s , M e e k a n d H a y d e n i n 1 8 5 5 ( 1 8 5 6 a a n d 1 8 5 6 b ) , C o p e i n 1 8 7 6 , S t a n t o n

a n d H a t c h e r i n 1 9 0 5 , S a h n i ( 1 9 7 2 ) , C a s e ( 1 9 7 8 a a n d 1 9 7 9 ) , R o g e r s ( 1 9 9 4 a n d 1 9 9 8 ) ,

R o g e r s a n d E b e r t h ( 1 9 9 6 ) , a n d R o g e r s a n d K i d w e l l ( 2 0 0 0 ) . E x t e n s i v e s t u d i e s h a v e b e e n

c a r r i e d o u t t o d e t e r m i n e t h e a g e a n d r e l a t i o n s h i p o f t h e f o r m a t i o n t o O t h e r s i n t h e r e g i o n .

T h e s e s t u d i e s h a v e s h o w n t h a t t h e J R F i s m o s t l y n o n m a r i n e , w i t h d o m i n a n t l y fl u v i a l

f a c i e s a n d l o c a l t i d a l i n fl u e n c e s . T h e f o r m a t i o n i s p r i m a r i l y c o m p o s e d o f s i l t y c l a y s ,

s i l t s t o n e s , a n d fi n e - t o - m e d i u m - g r a i n e d s a n d s t o n e s .

T h e f o c u s O f t h i s r e s e a r c h i s t o e x a m i n e t h e C h o n d r i c h t h y a n f a u n a a n d g e o l o g i c s e t t i n g O f

t h e W o o d h a w k B o n e b e d ( W H ) a n d t h e P o w e r P l a n t F e r r y B o n e b e d ( P P F ) l o c a l i t i e s i n t h e

J R F . H y p o t h e s e s t o b e a d d r e s s e d i n c l u d e :

0 C a s e ’ s w o r k ( 1 9 7 8 a a n d 1 9 7 9 ) a c c u r a t e l y r e fl e c t s t h e C r e t a c e o u s d i v e r s i t y o f

s h a r k s i n t h e r e g i o n p a r t i c u l a r l y w i t h r e s p e c t t o h e t e r o d o n t y , a c o m p l i c a t i n g

f e a t u r e o f e l a s m o b r a n c h t e e t h ;



t h e b i o g e o g r a p h i c a l r e l a t i o n s h i p s o f t h e L a t e C r e t a c e o u s s h a r k f a u n a f r o m t h e J R F

w i l l s h o w i t t o b e a r a t h e r t y p i c a l f a u n a w h e n c o m p a r e d t o c o n t e m p o r a n e o u s

f a u n a s f r o m o t h e r f o r m a t i o n s i n w e s t e r n N o r t h A m e r i c a ;

t h e c u r r e n t f a u n a l l i s t ( C a s e 1 9 7 8 a a n d 1 9 7 9 ) o f t h e J R F r e p r e s e n t s a r a t h e r t y p i c a l

f a u n a f r o m a c o a s t a l , w a r m s h a l l o w m a r i n e e n v i r o n m e n t , s o t h e a r e a h a s b e e n

s u f fi c i e n t l y s a m p l e d t o c r e a t e a c o m p l e t e f a u n a l p i c t u r e a n d n o u n d e s c r i b e d t a x a

w i l l b e f o u n d ;

t a p h o n o m i c f a c t o r s h a v e a f f e c t e d t h e c o m p o s i t i o n o f t h e C h o n d r i c h t h y a n f a u n a ;

a c t u a l i s t i c t a p h o n o m i c e x p e r i m e n t s c a n b e u s e d t o t e s t t h e n u l l h y p o t h e s i s : t h e r e

w i l l b e n o s i g n i fi c a n t d i f f e r e n c e b e t w e e n t h e t e e t h a t t h e s t a r t o f t h e e x p e r i m e n t

a n d a t t h e e n d o f t h e e x p e r i m e n t ;

a n d a c t u a l i s t i c t a p h o n o m i c e x p e r i m e n t s c a n b e u s e d i n t e r p r e t t h e f o s s i l m a t e r i a l .
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T h e fi r s t s c i e n t i fi c o b s e r v a t i o n o f r o c k s t h a t w o u l d l a t e r b e r e c o g n i z e d a s p a r t o f t h e

J u d i t h R i v e r a r e a w a s b y t h e L e w i s a n d C l a r k e x p e d i t i o n i n 1 8 0 4 - 1 8 0 6 ( L e w i s , 1 8 1 4 )

w h e n t h e y s a w t h e w h i t e r o c k s ( n o w n a m e d t h e E a g l e S a n d s t o n e ) i n t h e v a l l e y o f t h e

M i s s o u r i R i v e r . O t h e r e a r l y e x p e d i t i o n s w e r e c a r r i e d o u t b y t h e P r u s s i a n n a t u r a l i s t

A l e x a n d e r P h i l i p p M a x i m i l i a n , P r i n c e O f W i e d - N e u w i e d a s h e t r a v e l l e d t h e M i s s o u r i

R i v e r s t u d y i n g t h e N a t i v e A m e r i c a n s , w i l d l i f e , a n d s t r a t a ( 1 8 3 9 - 1 8 4 1 ) ; b y M e e k a n d

H a y d e n ( 1 8 5 6 a a n d 1 8 5 6 b ) ; b y H a t c h e r ( 1 9 0 3 b ) , b y H a t c h e r a n d S t a n t o n ( 1 9 0 3 ) , a n d

S t a n t o n a n d H a t c h e r ( 1 9 0 5 ) . A l m o s t f r o m t h e o u t s e t , t h e s e C a m p a n i a n a g e d s e d i m e n t s

( F i g u r e 2 ) h a v e b e e n o b j e c t s o f g e o l o g i c a l a n d p a l e o n t o l o g i c a l s t u d y , i n c l u d i n g b o t h

i n v e r t e b r a t e s a n d v e r t e b r a t e s . T h e v e r t e b r a t e f a u n a h a s b e e n s t u d i e d e x t e n s i v e l y ,

r e s u l t i n g i n m a n y e n o r m o u s d i n o s a u r s k e l e t o n s n o w g r a c i n g t h e f l o o r s o f m a j o r

m u s e u m s .

T h e s e e a r l y e x p e d i t i o n s a n d O t h e r e x t e n s i v e s t u d i e s b y s c i e n t i s t s i n c l u d i n g M e e k a n d

H a y d e n ( 1 8 5 6 a - b , 1 8 5 7 , a n d 1 8 5 8 ) , H a y d e n ( 1 8 5 7 , 1 8 5 8 , a n d 1 8 6 0 ) , L e i d y ( 1 8 5 6 a ) ,

C o p e ( 1 8 7 4 , 1 8 7 6 a - b , a n d 1 8 7 7 ) , C H . S t e m b e r g ( 1 8 8 3 , 1 9 0 3 , 1 9 1 4 , a n d 1 9 1 5 ) , M a r s h

( 1 8 8 8 , 1 8 8 9 a - b , 1 8 9 0 , a n d 1 8 9 2 a - c ) , B r o w n ( 1 9 0 7 a n d 1 9 3 3 a ) , a n d M a t t h e w ( 1 9 1 4 )

c o n t r i b u t e d t o s e v e r a l e f f o r t s i n c l u d i n g t h e d e t e r m i n a t i o n o f t h e a g e o f t h e J R F , t h e

r e l a t i o n s h i p o f t h e J R F t o o t h e r f o r m a t i o n s i n t h e r e g i o n , t h e c o r r e l a t i o n o f f o r m a t i o n s

a c r o s s i n t e r n a t i o n a l b o u n d a r i e s , a s w e l l a s t h e d i s c o v e r y a n d d e s c r i p t i o n o f n e w f o s s i l

t a x a .



1 8 5 0 s - 1 8 7 0 3

T h e p e r c e i v e d a g e o f t h e r o c k s , w h i c h w e r e o f t e n r e f e r r e d t o a s t h e J u d i t h R i v e r b e d s

( M e e k a n d H a y d e n , 1 8 5 6 b a n d H a y d e n , 1 8 5 8 ) i n t h e m i d - 1 8 0 0 3 , r a n g e d f r o m J u r a s s i c t o

t h e T e r t i a r y ( M e e k a n d H a y d e n , 1 8 5 6 a - b ) o n t h e b a s i s o f t h e i n v e r t e b r a t e f o s s i l s c o l l e c t e d

b y M e e k a n d H a y d e n i n 1 8 5 5 ( 1 8 5 6 a — b ) . I n 1 8 7 6 C o p e c o n fi r m e d M e e k a n d H a y d e n ’ s

( 1 8 5 6 a - b ) v i e w s t h a t t h e b e d s w e r e U p p e r C r e t a c e o u s i n a g e w i t h h i s o w n s t u d i e s a n d

d e s c r i p t i o n s o n v e r t e b r a t e s p e c i m e n s c o l l e c t e d f r o m t h e a r e a b y H a y d e n i n 1 8 5 5 ( C o p e ,

1 8 7 4 , 1 8 7 6 a , a n d 1 8 7 7 ) . T h i s o c c u r r e d a f t e r C o p e ( 1 8 6 9 ) h a d o r i g i n a l l y c l a i m e d a

J u r a s s i c a g e f o r t h e f o s s i l s . C o p e ( 1 8 7 6 b ) a l s o s u r v e y e d t h e a r e a h i m s e l f w i t h c o l l e a g u e s

a n d c o l l e c t e d s p e c i m e n s t h a t h e l a t e r p u b l i s h e d . M a t e r i a l s c o l l e c t e d b y H a y d e n w e r e a l s o

e x a m i n e d a n d p u b l i s h e d b y L e i d y ( 1 8 5 6 a ) w h o c o m p a r e d t h e m t o E u r o p e a n C r e t a c e o u s

s p e c i m e n s .

1 8 8 0 8 - 1 9 0 0 s

I n a d d i t i o n t o t h e a f o r e m e n t i o n e d s t u d i e s , r e s e a r c h a l s o f o c u s e d o n c o e v a l d e p o s i t s a n d

f o s s i l s f r o m C a n a d a a n d W y o m i n g . T h e s e s t u d i e s c o n t r i b u t e d t o d e t e r m i n i n g t h e a g e a n d

g e o g r a p h i c e x t e n t o f t h e J R F . G . M . D a w s o n ( 1 8 8 3 a n d 1 8 8 4 a - b ) c o m p l e t e d r e g i o n a l a n d

f o s s i l s t u d i e s o f t h e B o w a n d B e l l y R i v e r F o r m a t i o n s i n t h e N o r t h w e s t T e r r i t o r y , w h i l e

t h e p l a n t s w e r e s t u d i e d b y J . W . D a w s o n ( 1 8 8 6 ) w h o c o n c l u d e d t h a t t h e B o w a n d B e l l y

R i v e r S e r i e s a n d t h e O l d m a n R i v e r a n d M e d i c i n e H a t F o r m a t i o n s w e r e J u r a s s o -

C r e t a c e o u s O r l o w e r C r e t a c e o u s i n a g e . W h i t e a v e s ( 1 8 8 5 ) s t u d i e d t h e i n v e r t e b r a t e s f r o m

t h e B e l l y R i v e r G r o u p i n C a n a d a , fi n d i n g m a n y o f t h e s a m e f o s s i l s i n t h e B e l l y R i v e r

S e r i e s a s M e e k a n d H a y d e n f o u n d i n t h e J R F . W h i t e a v e s a l s o m a d e e a r l y c o r r e l a t i o n s O f



f o r m a t i o n s i n t h e U S . a n d C a n a d a . V e r t e b r a t e s t u d i e s f r o m t h e B e l l y R i v e r G r o u p a l o n g

w i t h p r o v i s i o n a l s t r a t i g r a p h i c a l c o r r e l a t i o n s w e r e c a r r i e d o u t b y O s b o r n ( 1 9 0 2 ) a n d b y

L a m b e ( 1 9 0 2 ) w h o a l s o w o r k e d o n a s h a r k f o s s i l f r o m A l b e r t a ( L a m b e , 1 9 1 8 ) . F o s s i l s

f r o m t h e J u d i t h R i v e r b e d s , L a n c e C r e e k , a n d t h e B e l l y R i v e r b e d s w e r e a l l c o m p a r e d t o

e a c h o t h e r b y H a t c h e r ( 1 9 0 3 a ) w h o f o u n d s u f fi c i e n t t a x o n o m i c s i m i l a r i t i e s a m o n g t h e m

t o a s s i g n s i m i l a r a g e s t o t h e f o r m a t i o n s .

1 9 0 0 8 - 1 9 4 0 8

I n 1 9 0 3 H a t c h e r a n d S t a n t o n s u r v e y e d t h e J u d i t h R i v e r a r e a , c o m p l e t i n g s t u d i e s o n t h e

s t r a t i g r a p h y , i n v e r t e b r a t e s , v e r t e b r a t e s , a n d fl o r a , a n d a s s i g n e d a n U p p e r C r e t a c e o u s a g e

t o t h e J R F ( S t a n t o n a n d H a t c h e r , 1 9 0 5 a n d K n o w l t o n , 1 9 0 5 ) . B r o w n ( 1 9 0 7 , 1 9 0 8 , 1 9 1 1 ,

1 9 1 2 , 1 9 l 3 a - c , 1 9 1 4 a - e , a n d l 9 3 3 a - b ) c o n d u c t e d e x c a v a t i o n s a n d s t u d i e s o f m a t e r i a l

c o l l e c t e d f r o m M o n t a n a a s w e l l a s t h e C r e t a c e o u s b e d s ( a l o n g w i t h s o m e E o c e n e

m a t e r i a l ) o f C a n a d a , n o t a b l y A l b e r t a , w o r k i n g o n t h e s t r a t i g r a p h y a n d v e r t e b r a t e

p a l e o n t o l o g i c a l f a u n a s . P e a l e ( 1 9 1 2 a - c ) w o r k e d o n t h e a g e a n d t h e s t r a t i g r a p h i c p o s i t i o n

o f t h e J R F , f o l l o w e d b y S t e b i n g e r ( 1 9 1 4 a - b ) w h o t r a c e d t h e l i t h o l o g i c c h a n g e s o f t h e

M o n t a n a G r o u p ( o f w h i c h t h e J R F i s a p a r t o f ) n o r t h w a r d . C . H . S t e m b e r g ( 1 9 1 4 , 1 9 1 5 ,

1 9 1 6 - 1 9 1 7 , 1 9 1 8 ) c o n t r i b u t e d w i t h c o l l e c t i o n s a n d s t u d i e s o n t h e C a m p a n i a n v e r t e b r a t e s

f r o m t h e B e l l y R i v e r S e r i e s o f C a n a d a i n a d d i t i o n t o v e r t e b r a t e s f r o m t h e J R F i n

M o n t a n a . C . H . S t e m b e r g ( 1 9 1 4 a n d 1 9 1 8 ) n o t e d t h a t b o t h t h e s u c c e s s i o n o f r o c k s a n d

v e r t e b r a t e f o s s i l s i n t h e E d m o n t o n a n d B e l l y R i v e r S e r i e s a p p e a r e d t o b e o f t h e s a m e t y p e

a s s e e n i n t h e J R F a n d d e d u c e d t h a t t h e o b s e r v a t i o n s m a d e b y H a t c h e r a n d S t a n t o n

( 1 9 0 3 ) , S t a n t o n a n d H a t c h e r ( 1 9 0 5 ) o n s t r a t i g r a p h i c c o r r e l a t i o n s w e r e c o r r e c t ( C . H .



S t e m b e r g , 1 9 1 5 ) . B o w e n ’ s ( 1 9 1 5 ) s t u d i e s o f t h e M o n t a n a G r o u p i n n o r t h - c e n t r a l

M o n t a n a c o n fi r m e d t h e w o r k b y S t a n t o n a n d H a t c h e r ( 1 9 0 5 ) . B o w e n ( 1 9 1 5 ) s u g g e s t e d a

C r e t a c e o u s a g e f o r t h e J R F a n d d e t e r m i n e d i t s s t r a t i g r a p h i c p o s i t i o n b e n e a t h t h e B e a r p a w

S h a l e a n d a b o v e t h e C l a g g e t t F o r m a t i o n b a s e d o n l i t h o l o g y a n d f a u n a l i n d i c a t o r s . B o w e n

a l s o f o u n d t h a t m a n y O f t h e i n v e r t e b r a t e a n d v e r t e b r a t e f o s s i l s i n t h e J R F c o r r e l a t e d w i t h

t h o s e f o u n d i n t h e B e l l y R i v e r S e r i e s . C . H . S t e m b e r g ’ s s o n ( C . M . S t e m b e r g ) a l s o

c o l l e c t e d m a n y f o s s i l s f r o m t h e E d m o n t o n F o r m a t i o n o f A l b e r t a ( C . M . S t e m b e r g , 1 9 2 6 ,

1 9 2 8 , a n d 1 9 4 0 a - b ) .

1 9 4 0 5 - 1 9 8 0 5

R u s s e l l a n d L a n d e s ’ ( 1 9 4 0 ) w o r k o n t h e C a n a d i a n s t r a t i g r a p h y a n d i n v e r t e b r a t e

p a l e o n t o l o g y o f t h e s o u t h e r n A l b e r t a P l a i n s r e v i e w e d D o w l i n g ’ s ( 1 9 1 7 ) s t u d y , a n d

c o n fi r m e d B o w e n ’ s ( 1 9 1 5 ) w o r k i n t h e U S A . S t o t t ( 1 9 6 3 ) r e i t e r a t e d R u s s e l l a n d

L a n d e s ’ ( 1 9 4 0 ) fi n d i n g s . C o b b a n a n d R e e s i d e ( 1 9 5 2 ) c o m p l e t e d b r o a d s w e e p i n g

c o r r e l a t i o n s o f t h e C r e t a c e o u s s t r a t a i n t h e w e s t e r n i n t e r i o r o f t h e U S A . i n o r d e r t o

d e l i n e a t e a g e b o u n d a r i e s . L e r b e k m o ( 1 9 6 1 ) l o o k e d a t s t r a t i g r a p h i c a l r e l a t i o n s h i p s o f t h e

M i l k R i v e r F o r m a t i o n a n d t h e B e l l y R i v e r F o r m a t i o n i n s o u t h e r n A l b e r t a , a n d E s t e s

( 1 9 6 4 a n d 1 9 6 9 b - f ) , E s t e s a n d B e r b e r i a n ( 1 9 6 9 a n d 1 9 7 0 ) , E s t e s e t a l . ( 1 9 6 9 ) , a n d S a h n i

( 1 9 7 2 ) w o r k e d o n v e r t e b r a t e f a u n a l a n a l y s e s o f t h e C r e t a c e o u s i n W y o m i n g a n d

M o n t a n a . R u s s e l l ( 1 9 6 4 ) s t u d i e d t h e n o n — m a r i n e f a u n a i n C r e t a c e o u s r o c k s o f

n o r t h w e s t e r n N o r t h A m e r i c a ; L a n g s t o n ( 1 9 6 5 ) c o m p i l e d a s u r v e y a n d s t u d i e d t h e h i s t o r y

a n d p o n d e r e d t h e p o t e n t i a l f u t u r e o f v e r t e b r a t e p a l e o n t o l o g y i n C a n a d a ; F o x ( 1 9 7 2 )

d i s c o v e r e d a n e w g e n u s o f m a m m a l , a n d L a n g s t o n ( 1 9 7 6 ) s u r v e y e d t h e v e r t e b r a t e f a u n a



o f A l b e r t a . I n 1 9 7 3 G i l l a n d C o b b a n p u b l i s h e d t h e i r w o r k o n t h e p a l e o g e o g r a p h y O f t h e

U p p e r C r e t a c e o u s o f t h e M o n t a n a G r o u p u t i l i z i n g c o m b i n e d d a t a f r o m s t r a t i g r a p h y ,

p a l e o n t o l o g y , a n d r a d i o m e t r y . W a l l a n d R o s e n e ( 1 9 7 7 ) s t u d i e d t h e U p p e r C r e t a c e o u s

s t r a t i g r a p h y o f t h e s o u t h e r n A l b e r t a F o o t h i l l s , C a s e ’ s s t u d i e s ( 1 9 7 8 a a n d 1 9 7 9 ) d e a l t w i t h

t h e C h o n d r i c h t h y a n f a u n a o f t h e J R F i n M o n t a n a , a n d N e u m a n e t a l . ( 1 9 8 8 ) e x a m i n e d t h e

f r e s h w a t e r fi s h e s o f t h e J R F i n A l b e r t a .

1 9 9 0 5 - 2 0 0 0 5

I n m o r e r e c e n t y e a r s E b e r t h e t a l . ( 1 9 9 0 ) s t u d i e d J R F s t r a t i g r a p h y a n d v e r t e b r a t e

p a l e o n t o l o g y i n S a s k a t c h e w a n i n a d d i t i o n t o p r o p o s i n g n e w g u i d e l i n e s f o r s t a n d a r d i z i n g

t h e s t r a t i g r a p h i c a l n o m e n c l a t u r e f o r t h e f o r m a t i o n . R o g e r s ( 1 9 9 4 a n d 1 9 9 8 ) a n d R o g e r s

a n d E b e r t h ( 1 9 9 6 ) l o o k e d a t t e c t o n i c a n d e u s t a t i c a s p e c t s o f t h e J R F , a s w e l l a s t h e

m a r i n e s e q u e n c e s a n d d i s c o n t i n u i t i e s . L a R o c k e t a l . ( 2 0 0 0 a - b ) s t u d i e d t h e t a p h o n o m y o f

d i n o s a u r b o n e b e d s O f t h e J R F i n n o r t h e a s t e r n M o n t a n a , a n d B e r g m a n a n d E b e r t h ( 1 9 9 8 ) ,

c o r r e l a t e d , o n a r e g i o n a l s c a l e , t h e J R F i n A l b e r t a a n d S a s k a t c h e w a n . H a m b l i n ( 1 9 9 5 )

S t u d i e d t h e p l a i n s o f A l b e r t a w i t h a f o c u s o n t h e J u d i t h R i v e r g r o u p . S i v e r s o n ( 1 9 9 5 )

r e v i s i t e d C a s e ( 1 9 7 8 a ) b y r e v i s i n g s o m e o f h i s w o r k w h e n i n t h e J R F a n d R o g e r s a n d

K i d w e l l ( 2 0 0 0 ) i n v e s t i g a t e d t h e t a p h o n o m i c r e l a t i o n s h i p s o f d i s c o n t i n u i t y s u r f a c e s .

M a m m a l s t u d i e s o f t h e J R F w e r e c a r r i e d o u t b y C a r r a n o e t a l . ( 1 9 9 5 a n d 1 9 9 7 ) a n d

m a m m a l p a l e o e c o l o g y o f t h e J u d i t h R i v e r G r o u p i n A l b e r t a w a s s t u d i e d b y S a n k e y e t a l .

( 1 9 9 9 ) . B l o b e t a l . ( 2 0 0 1 ) d i s c o v e r e d a n e w f o s s i l f r o g i n M o n t a n a ; a n d S a n k e y e t a l .

( 2 0 0 2 ) c o m p l e t e d d i v e r s i t y a n d v a r i a t i o n s t u d i e s o n t h e r o p o d a n d b i r d t e e t h f r o m t h e J R F

O f A l b e r t a , c o v e r i n g b o t h t h e g e o l o g y a n d p a l e o n t o l o g y o f t h e J R F . A l l O f t h e s e s t u d i e s ,



o v e r t h e p a s t 1 6 0 y e a r s h a v e l e d t o a f r a m e w o r k f o r u n d e r s t a n d i n g o f n o r t h e r n G r e a t

P l a i n s L a t e C r e t a c e o u s p a l e o e c o l o g y a n d g e o l o g y . T h e c u r r e n t s t u d y w i l l b e p r e s e n t e d i n

t h e c o n t e x t o f t h a t f r a m e w o r k .



E L A S M O B R A N C H S Y S T E M A T I C P R O B L E M S A N D T O O T H
C H A R A C T E R I S T I C S

H i s t o r i c a l O b s e r v a t i o n s o f S h a r k T e e t h

E l a s m o b r a n c h s a r e p o l y p h y d o n t , p r o d u c i n g a n d s h e d d i n g t e e t h o v e r t h e e n t i r e c o u r s e O f

t h e i r l i v e s . O w e n ( 1 8 6 6 ) i s o f t e n c r e d i t e d w i t h t h e fi r s t h y p o t h e s i z e d d e s c r i p t i o n o f t h e

m o d e o f t o o t h r e p l a c e m e n t i n s h a r k s . T e e t h w e r e t h o u g h t t o b e r e p l a c e d b y ,

. . . t h e w h o l e p h a l a n x o f t h e i r n u m e r o u s t e e t h i s e v e r m a r c h i n g s l o w l y
f o r w a r d s i n r o t a t o r y p r o g r e s s o v e r t h e a l v e o l a r b o r d e r o f t h e j a w , t h e t e e t h
b e i n g s u c c e s s i v e l y c a s t O f f a s t h e y r e a c h t h e o u t e r m a r g i n , a n d n e w t e e t h

r i s i n g f r o m t h e m u c u o u s m e m b r a n e b e h i n d t h e r e a r r a n k o f t h e p h a l a n x
( O w e n , 1 8 6 6 : 3 8 3 - 3 8 4 ) .

H o w e v e r , s i m i l a r , o l d e r a c c o u n t s a r e p r e s e n t i n A n d r e ’ ( 1 7 8 4 ) a n d c i t e d w i t h i n A n d r e ’ i s

a n e v e n e a r l i e r w o r k b y G e s n e r ( 1 5 5 8 ) . I t w a s G e s n e r ’ s e a r l y O b s e r v a t i o n s

( 1 5 5 8 ) a n d l a t e r S t e n o ’ s ( 1 6 6 7 ) ( F i g u r e 3 ) o b s e r v a t i o n s o f e x t a n t a n d f o s s i l s h a r k t e e t h

t h a t i n i t i a l l y d e m o n s t r a t e d t h e i d e n t i t y o f w h a t h a d b e e n t e r m e d “ t o n g u e - s t o n e s ” o r

g l o s s o p e t r a e . G l o s s o p e t r a e w e r e a l s o c a l l e d L i n g u a e M e l i t e n s i s o r L i n g u a e S . P a u l i , t h e

G e r m a n s u s e d N a t t e m - z u n g e n ( a d d e r ’ s t o n g u e s ) o r S c h l a n g e n z u n g e n ( s e r p e n t ’ s t o n g u e s ) .

O t h e r t e r m s i n c l u d e M a l t e s i c h e n a m u l e t t e n a n d I l s i e n S a n P a w l ( Z a m m i t — M a e m p e l ,

1 9 7 5 ) .

B e g i n n i n g w i t h t h e M i d d l e A g e s , p e o p l e b e l i e v e d t h e f o s s i l s h a r k t e e t h o r g l o s s o p e t r a e ,

w e r e s t o n e s t h a t f e l l f r o m t h e s k y , a n i d e a p r o p o s e d b y e a r l y h i s t o r i a n s a n d n a t u r a l i s t s , o r

t h a t t h e y w e r e s p o n t a n e o u s l y g e n e r a t e d f r o m t h e r o c k s i n w h i c h t h e y w e r e e n c a s e d

( Z a m m i t - M a e m p e l , 1 9 7 5 ) . A n o t h e r i d e a w a s t h a t t h e y w e r e t h e t o n g u e s o f s e r p e n t s t h a t



w e r e t u r n e d t o s t o n e b y S a i n t P a u l t h e r e b y p o s s e s s i n g m e d i c i n a l p r o p e r t i e s , i n c l u d i n g t h e

a b i l i t y t o c o u n t e r a c t p o i s o n s ( p a r t i c u l a r l y t h e M i o c e n e a g e s h a r k ’ s t e e t h f r o m M a l t a )

( Z a m m i t - M a e m p e l , 1 9 7 5 ) . T h e s e b e l i e f s a n d i d e a s w e r e m o s t p r e v a l e n t b e t w e e n t h e

t h i r t e e n t h a n d e i g h t e e n t h c e n t u r i e s ( Z a m m i t - M a e m p e l , 1 9 7 5 ) , o b s e r v a t i o n s b y n a t u r a l i s t s

s u c h a s G e s n e r ( 1 5 5 8 ) a n d S t e n o ( 1 6 6 7 ) n o t w i t h s t a n d i n g .

E a r l y O b s e r v a t i o n s a n d d i s s e c t i o n s o f e x t a n t s h a r k s l e d S t e n o ( 1 6 6 7 ) t o b e l i e v e t h a t t e e t h

f o u n d i n s i d e ( o r w i t h i n ) t h e j a w s w e r e o f l i t t l e o r n o u s e t o t h e a n i m a l . H e a l s o s u r m i s e d

t h a t f o s s i l s h a r k t e e t h f o u n d i n s e d i m e n t s w e r e n o t g l o s s o p e t r a e b u t w e r e i n s t e a d s h a r k

*

t e e t h t h a t h a d b e e n a l t e r e d . H o w e v e r , i t w a s d e m o n s t r a t e d i n t h e e a r l i e r w o r k b y G e s n e r

( 1 5 5 8 ) t h a t t h o s e p o s t e r i o r o r “ w i t h i n t h e j a w ” t e e t h d i d h a v e a f u n c t i o n ; a s t h e a n t e r i o r o r

f u n c t i o n a l t e e t h w o r e a w a y , b r o k e , o r f e l l o u t t h e p o s t e r i o r t e e t h w o u l d t h e n m o v e

f o r w a r d t O fi l l i n t h e s p a c e s v a c a t e d b y t h e p r e v i o u s a n t e r i o r l y p l a c e d t e e t h . T h i s w a s

d e m o n s t r a t e d b y A n d r é ( 1 7 8 4 ) w h e n h e O b s e r v e d a s t i n g r a y t a i l s p i n e b i s e c t i n g t e e t h O f a

t i g e r s h a r k ( G a l e o c e r d o c u v i e r ) . W h i l e n o t n o t e d i n t h e p a p e r , h i s i l l u s t r a t i o n ( F i g u r e 4 )

c l e a r l y s h o w s t h a t t e e t h a r e r e p l a c e d . I n o r d e r f o r t h e t e e t h t o b e b i s e c t e d ( t e e t h l a b e l l e d

“ B ” i n t h e i m a g e ) t h e y h a d t o f o r m a r o u n d t h e f o r e i g n b o d y i m p l a n t e d i n t h e t o o t h g e r m ,

w h i c h i s s e e n i n t h e f u n c t i o n a l t o o t h a n d i n t h e r e p l a c e m e n t t e e t h . A s s h a r k j a w s w o u l d

n o t h a v e f o r e i g n b o d i e s i m p l a n t e d i n t h e m a t t h e t i m e o f b i r t h , t h e i n i t i a l t o o t h o r t e e t h

w o u l d h a v e b e e n “ n o r m a l ” a s i s s e e n o n e i t h e r s i d e o f t h e b i s e c t e d t o o t h i n t h e i m a g e

( t e e t h l a b e l l e d “ A ” i n t h e i m a g e ) . H o w e v e r , i t s e e m s t h a t t h e s e e a r l y i n v e s t i g a t i o n s w e r e

 

* S t e n o ’ s w o r k ( 1 6 6 7 ) b e c a m e p a r a m o u n t a n d h a d g r e a t r a m i fi c a t i o n s o n t h e s t u d y o f
g e o l o g y w h e n h e q u e s t i o n e d t h e f o r m a t i o n o f s o l i d s w i t h i n s o l i d s a n d a l s o l a i d t h e
f o u n d a t i o n s f o r t h e p r i n c i p l e s o f s t r a t i g r a p h y .
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l o s t a s O w e n ( 1 8 6 6 ) i s t h e m o s t f r e q u e n t l y c i t e d w o r k a n d s u b s e q u e n t s c h o l a r s s u c h a s

C a w s t o n ( 1 9 3 8 , 1 9 3 9 a - b , 1 9 4 0 a - c , l 9 4 1 a - d , 1 9 4 4 , a n d 1 9 4 5 ) w e r e n o t e v e n c o n v i n c e d o f

O w e n ’ s p o s t u l a t i o n s . T h i s u n c e r t a i n t y o f t h e t o o t h r e p l a c e m e n t w a s t h e s t a t u s q u o f o r a

l o n g t i m e u n t i l r e s e a r c h e r s s o u g h t t o v a l i d a t e O w e n ’ s h y p o t h e s i s a n d d e t e r m i n e t h e r a t e

o f t o o t h l o s s o r s h e d d i n g r a t e o f s h a r k s . D e s p i t e t h e s t u d i e s ( b e l o w ) , v e r y l i t t l e i s s t i l l

k n o w n a b o u t t h e s h e d d i n g r a t e . I t i s p r e s u m e d t h a t t h e c o m p l e t e t e e t h , b o t h f o s s i l a n d

m o d e r n , u s e d i n t h i s s t u d y w e r e f u l l y f o r m e d f u n c t i o n a l t e e t h , h a v i n g b e e n p r e s e r v e d

p r i o r t o a n y t a p h o n o m i c f a c t o r s i n fl u e n c e s a c t i n g o n t h e m .

S h e d d i n g R a t e s o f S h a r k T e e t h

V a r i o u s a p p r o a c h e s y i e l d i n g m i x e d r e s u l t s h a v e a t t e m p t e d t o d e t e r m i n e t h e r a t e o f

s h e d d i n g o f s h a r k t e e t h . B r e d e r ( 1 9 4 2 ) o b s e r v e d t h a t i n C a r c h a r i a s l i t t o r a l i s a l o o s e n e d

t o o t h t o o k 2 - 7 d a y s t o d e t a c h , a n d t h a t a s i n g l e t o o t h w a s l o s t a t a t i m e w i t h n o t h i n g t o

s u g g e s t t h e s i m u l t a n e o u s l o s s o f a n e n t i r e r o w . T h i s w a s c o n t r a r y t o s t u d i e s b y C a w s t o n

( 1 9 3 8 , 1 9 3 9 a , 1 9 4 0 a - b , 1 9 4 1 a — d , a n d 1 9 4 4 ) w h o i n s i s t e d t h a t t h e t e e t h w e r e n o t r e p l a c e d

b u t i n s t e a d g r e w c o n t i n u o u s l y t h r o u g h o u t l i f e . C a w s t o n ’ s s t u d i e s o f t e e t h a n d o f t o o t h

r e p l a c e m e n t a l s o e x t e n d e d t o o t h e r fi s h a n d r e p t i l e s ( 1 9 3 9 b , 1 9 4 0 c , a n d 1 9 4 5 ) , a n d h e

a l s o r e f u t e d t o o t h r e p l a c e m e n t i n o t h e r g r o u p s o f a n i m a l s . T o e x p l a i n a n y t o o t h l o s s

o b s e r v e d f r o m d e e p - w a t e r fi s h h o u s e d i n a q u a r i a C a w s t o n ( 1 9 4 4 ) c l a i m e d t o o t h l o s s

o c c u r r e d b e c a u s e t h e fi s h h a d b e e n m o v e d t o a n a r t i fi c i a l e n v i r o n m e n t , s t r e s s i n g t h e

a n i m a l s . C a w s t o n ( 1 9 4 0 a a n d 1 9 4 4 ) s u g g e s t e d t h a t t h e r e w o u l d b e o v e r c r o w d i n g o f t h e

j a w d u e t o s u c c e s s i v e l y l a r g e r r e p l a c e m e n t t e e t h , t h e r e f o r e , r e p l a c e m e n t w o u l d n o t o c c u r .

H o w e v e r , t h a t l a s t a r g u m e n t i s m o o t a s C a w s t o n r e p o r t e d t h a t t h e t e e t h g r e w
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c o n t i n u o u s l y , w h i c h w o u l d a l s o l e a d t o o v e r c r o w d i n g i n t h e j a w , b y h i s r e a s o n i n g .

C a w s t o n ( 1 9 3 8 ) a l s o r e j e c t e d A n d r e ’ s ( 1 7 8 4 ) o b s e r v a t i o n s , s a y i n g t h a t t h e b i s e c t i o n

t h r o u g h t h e t e e t h o f t h e t i g e r s h a r k i s a r e s u l t o f h a v i n g h a d t h e t e e t h i m p a l e d b y t h e s p i n e

a n d c r e a t i n g a t e a r a s t h e s h a r k t r i e d t o w r e n c h i t s e l f f r e e .

I f f t a n d Z i n n ( 1 9 4 8 ) w e r e a b l e t o o b s e r v e t o o t h r e p l a c e m e n t i n s h a r k s a s o r i g i n a l l y

h y p o t h e s i z e d b y O w e n i n 1 8 6 6 , i . e . t e e t h m o v i n g f o r w a r d t o t h e o u t e r m a r g i n f r o m t h e

b a c k . H o w e v e r , t h e y w e r e n o t a b l e t o d e d u c e t h e n o r m a l r a t e s o f s h e d d i n g a s t h e s h a r k s

d i e d p r i o r t o o b t a i n i n g s u f fi c i e n t d a t a . D e s p i t e t h e d e a t h s , I f f t a n d Z i n n w e r e a b l e t o

o b t a i n i n i t i a l r a t e s , 1 0 - 1 2 d a y s f o r o n e t o o t h r o w i n t h e s m o o t h d o g fi s h ( M u s t e l u s c a n i s ) ,

h a v i n g o b s e r v e d t h a t t o o t h b u d s w e r e n e e d e d f o r t o o t h d e v e l o p m e n t a n d r e p l a c e m e n t a n d

t h a t t h e y o c c u r r e d b e h i n d t h e e r u p t e d t e e t h a n d n o w h e r e e l s e ( 1 9 4 8 ) .

D u r i n g t h e 1 9 6 0 3 t h e s u b j e c t w a s r e v i s i t e d b y S t r a s b u r g ( 1 9 6 3 ) , T e s s m a n ( 1 9 6 6 ) , a n d

M o s s ( 1 9 6 7 ) . S t r a s b u r g ’ s s t u d y w a s o f a c o m p a r a t i v e n a t u r e i n w h i c h r e l a t i v e r a t e s w e r e

d e t e r m i n e d . T h e fi n d i n g s d e t e r m i n e d t h a t r a t e s w e r e d e p e n d e n t o n t h e s p e c i e s . S t r a s b u r g

( 1 9 6 3 ) d i s c o v e r e d t h a t d i f f e r e n t s p e c i e s s h e d t h e i r t e e t h d i f f e r e n t l y , i n c l u d i n g : s i n g l y , a

f e w t e e t h a t a t i m e , m o s t o f t h e t e e t h i n a t o o t h r o w , o r w h o l e t o o t h r o w s . A l s o

d i s c o v e r e d w e r e d i f f e r e n c e s b e t w e e n t h e t o p a n d b o t t o m j a w . T h e s e f a c t o r s w e r e a l s o

n o t e d b y P e y e r ( 1 9 6 8 ) , w h o o b s e r v e d t h a t a g e a n d m e t a b o l i c r a t e o f t h e s h a r k s c o u l d a l s o

b e c o n t r i b u t i n g f a c t o r s . A l s o o f i n t e r e s t i s t h a t t h e t o o t h a r r a n g e m e n t i n s o m e s p e c i e s

m a y p r e v e n t o r b l o c k t h e r e p l a c e m e n t o f o t h e r t e e t h ( S t r a s b u r g , 1 9 6 3 ) . S t r a s b u r g n o t e d

fi v e d i f f e r e n t t o o t h a r r a n g e m e n t s i n s h a r k j a w s f r o m h i s 1 9 6 3 s t u d y : 1 ) n o o v e r l a p
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( i n d e p e n d e n t d e n t i t i o n ) , 2 ) a l t e r n a t e o v e r l a p , 3 ) i m b r i c a t e o v e r l a p , 4 ) m i x e d a l t e r n a t e

o v e r l a p , a n d 5 ) m o d i fi e d i m b r i c a t e o v e r l a p , w h i c h o c c u r s w h e n t h e t e e t h o f t h e r i g h t a n d

l e f t h a l v e s o f t h e j a w a r e i m b r i c a t e d i n o p p o s i t e d i r e c t i o n s a n d t h e m e s i a l t o o t h i s i n a n

a l t e r n a t e p o s i t i o n w i t h r e s p e c t t o i t s n e i g h b o r s ( F i g u r e 5 ) . T e s s m a n ( 1 9 6 6 ) e s t i m a t e d

t h a t a s i n g l e t i g e r s h a r k c o u l d p r o d u c e 2 4 , 0 0 0 t e e t h i n a 1 0 y e a r p e r i o d . H o w e v e r , t h i s

w a s n o t s u b s t a n t i a t e d w i t h o b s e r v a t i o n s o r c i t a t i o n s . M o s s ( 1 9 6 7 ) w a s a b l e t o

c o r r o b o r a t e S t r a s b u r g ’ s w o r k , fi n d i n g d i f f e r e n t r e p l a c e m e n t r a t e s i n t h e l o w e r v e r s u s

u p p e r j a w o f t h e l e m o n s h a r k ( N e g a p r i o n b r e v i r o s t r i s ) , w i t h a f a s t e r r a t e i n t h e u p p e r j a w

( l t o o t h i n 7 . 8 d a y s ) t h a n t h e l o w e r ( 1 t o o t h i n 8 . 2 d a y s ) . H o w e v e r , t h e d i f f e r e n c e i n

t h e s e r a t e s i s s l i g h t a n d m a y n o t b e s t a t i s t i c a l l y s i g n i fi c a n t . M o s s ( 1 9 7 2 ) a l s o s o u g h t t o

r e l a t e t h e r e p l a c e m e n t r a t e t o b o d y g r o w t h a n d d e v i s e d , t h r o u g h e m p i r i c a l m e a n s , a

f o r m u l a t o e s t i m a t e b o d y g r o w t h r a t e s b a s e d o n t o o t h r e p l a c e m e n t m e a s u r e m e n t s .

L u e r e t a l . ( 1 9 9 0 ) f o u n d t h a t r e p l a c e m e n t r a t e s w e r e n o t d e p e n d e n t o n b o d y g r o w t h

( d u r i n g t h e d u r a t i o n o f t h e i r e x p e r i m e n t ) b u t r a t h e r o n w a t e r t e m p e r a t u r e , u t i l i z i n g a t a n k

t h a t w a s i n a n o p e n s y s t e m w i t h a m b i e n t s e a w a t e r f r o m t h e G u l f o f M e x i c o s u b j e c t t o

s e a s o n a l t e m p e r a t e c h a n g e s . H o w e v e r , i t s h o u l d b e n o t e d t h a t g r o w t h r a t e ( a n d m e t a b o l i c

r a t e ) c a n b e i n fl u e n c e d b y t e m p e r a t u r e , t h e r e f o r e d e c l a r i n g t h e r e w a s “ n o c o r r e l a t i o n

b e t w e e n g r o w t h r a t e s a n d t o o t h r e p l a c e m e n t r a t e s ” l i k e l y i n c o r r e c t . L u e r e t a 1 . ( 1 9 9 0 )

f o u n d t h a t t h e n u r s e s h a r k ( G i n g l y m o s t o m a c i r r a t u m ) p r o d u c e d f a s t e r r e p l a c e m e n t r a t e s

a t 9 - 1 2 d a y s f o r a t o o t h r o w i n w a r m w a t e r v e r s u s c o l d w a t e r r a t e s a t 5 1 - 7 0 d a y s f o r a

t o o t h r o w . T h e y a l s o n o t e d t h a t t h e r e s e e m e d t o b e n o p a r t i c u l a r o r d e r o f s h e d d i n g .

O v e r s t r o m ( 1 9 9 1 ) c a l c u l a t e d r a t e s o f r e p l a c e m e n t a t 0 . 4 8 t e e t h p e r d a y i n c a p t i v e s a n d
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t i g e r s h a r k s ( C a r c h a r i a s t a u r u s ) b u t t h e w o r k d i d n o t t a k e a g e a n d g r o w t h r a t e i n t o

a c c o u n t .

P o l y p h y d o n t y

P o l y p h y d o n t y , a n d a h i g h p r e s e r v a t i o n p o t e n t i a l , h a s l e d t o a n a b u n d a n c e o f s h a r k t e e t h i n

t h e f o s s i l r e c o r d ; i t i s f r e q u e n t l y n o t e d t h a t s h a r k t e e t h a r e t h e m o s t a b u n d a n t b e n t h i c

v e r t e b r a t e f o s s i l ( M a i s e y , 1 9 8 4 ) . I t s h o u l d a l s o b e n o t e d t h a t b e c a u s e s h e d d i n g r a t e s a r e

n o t u n i v e r s a l a n d d e p e n d e n t o n a w h o l e h o s t o f f a c t o r s ( s e a s o n a l i t y , f e e d i n g , t o o t h

a r r a n g e m e n t , e t c . ) i t i s n o t p o s s i b l e t o e s t i m a t e s i z e o f p o p u l a t i o n s i n a g i v e n f a u n a . D u e

t o t h e i r g r e a t a b u n d a n c e , s h a r k t e e t h h a v e b e e n u s e d a s t h e p r i m a r y b a s i s f o r i d e n t i f y i n g

s h a r k s p e c i e s . A l s o u s e d b u t t o a l e s s e r d e g r e e a r e fi n s p i n e s a n d d e r m a l d e n t i c l e s .

C e n t r a a n d o t h e r p r e s e r v e d c a r t i l a g i n o u s e l e m e n t s , i t e m s w i t h c o m p a r a t i v e l y l o w

p r e s e r v a t i o n p o t e n t i a l c a n a l s o b e u s e d . H o w e v e r , d u e t o t h e i r a b u n d a n c e a n d

a v a i l a b i l i t y , t e e t h h a v e b e e n t h e m a i n s o u r c e f o r s p e c i e s d e t e r m i n a t i o n d e s p i t e t h e

p r o b l e m s t h e y c a n p o s e .

W h e n s p e c i e s d e t e r m i n a t i o n s a r e d e p e n d e n t o n t e e t h a l o n e , p r o b l e m s a r i s e d u e t o t h e

d i s a s s o c i a t e d t e e t h t h a t c o m p r i s e f r o m t h e f o s s i l r e c o r d . M a n y o f t h e s e p r o b l e m s h a v e

a r i s e n d u e t o v a r i o u s f o r m s o f h e t e r o d o n t y ( h o m o d o n t y , t h e c o n d i t i o n o f a l l t h e t e e t h

b e i n g o f t h e s a m e s h a p e a n d s i z e , i s a p p r o x i m a t e d b y s o m e s h a r k a n d r a y s p e c i e s ;

h o w e v e r , i t i s d o u b t f u l a s t o w h e t h e r a n y s h a r k o r r a y s p e c i e s i s t r u l y h o m o d o n t

a c c o r d i n g t o W e l t o n a n d F a r i s h [ 1 9 9 3 ] ) . H e t e r o d o n t y i s p r e s e n t i n V i r t u a l l y e v e r y
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s p e c i e s , a n d m u s t b e c o n s i d e r e d , a l o n g w i t h c o n v e r g e n c e , t o o t h t y p e , t o o t h p o s i t i o n , a n d

t o o t h p a t h o l o g y , w h e n d e a l i n g w i t h e l a s m o b r a n c h t e e t h .

H e t e r o d o n t y

F o u r d i f f e r e n t t y p e s o f h e t e r o d o n t y e x i s t i n e l a s m o b r a n c h s . M o n o g n a t h i c h e t e r o d o n t y i s

c h a n g e i n t o o t h s h a p e r u n n i n g m e s i o d i s t a l l y a l o n g t h e j a w l i n e i n e i t h e r t h e u p p e r o r l o w e r

j a w ( F i g u r e 6 ) . D i g n a t h i c h e t e r o d o n t y o c c u r s w h e n t h e r e a r e d i f f e r e n c e s b e t w e e n t h e

u p p e r a n d l o w e r j a w s ( F i g u r e 7 ) . O n t o g e n e t i c h e t e r o d o n t y o c c u r s w h e n t e e t h c h a n g e

s h a p e t h r o u g h o u t l i f e a s t h e s h a r k o r r a y g r o w s ( F i g u r e 8 ) . S e x u a l h e t e r o d o n t y , a l t h o u g h

r a r e , r e f e r s t o d i f f e r e n t t o o t h s h a p e s i n s i m i l a r p o s i t i o n s i n f e m a l e s v e r s u s m a l e s o f t h e

s a m e s p e c i e s ( m o s t o f t e n s e e n i n c e r t a i n g r o u p s o f r a y s a n d l a r g e l y d e p e n d e n t o n d i e t )

( C a p p e t t a , 1 9 8 7 a n d P e y e r , 1 9 6 8 ) ( F i g u r e 9 ) . F a i l u r e t o u n d e r s t a n d t h e r o l e o f

h e t e r o d o n t y h a s l e d t o p r o b l e m s w i t h “ s p l i t t i n g ” a n d “ l u m p i n g . ” E x c e s s i v e s p l i t t i n g h a s

t h e p o t e n t i a l t o c r e a t e i n v a l i d s p e c i e s , g i v i n g t h e i m p r e s s i o n t h a t t h e r e w a s m o r e d i v e r s i t y

t h a n a c t u a l l y e x i s t e d , w h i l e l u m p i n g m a y c r e a t e a f a l s e p i c t u r e o f l o w s p e c i e s d i v e r s i t y .

T h e s e p r o b l e m s h a v e p e r s i s t e d f o r a s l o n g a s s c i e n t i s t s h a v e b e e n d e s c r i b i n g n e w s p e c i e s ,

a n d h a v e o n l y b e e n s y s t e m a t i c a l l y a d d r e s s e d i n r e c e n t s t u d i e s ( S i v e r s o n , 1 9 9 2 a n d 1 9 9 5

a n d N a y l o r a n d M a r c u s , 1 9 9 4 ) b u t r e m a i n l a r g e l y u n r e s o l v e d . N a y l o r a n d M a r c u s ( 1 9 9 4 )

a d d r e s s e d h e t e r o d o n t y b y s t u d y i n g 5 0 0 j a w s f r o m d i f f e r e n t s p e c i e s o f C a r c h a r h i n u s w i t h

t h e g o a l o f u s i n g i s o l a t e d t e e t h t o i d e n t i f y c a r c h a r i n i d s h a r k s t o t h e s p e c i e s l e v e l . T h e y

f o u n d t h a t t e e t h ( w h e t h e r i s o l a t e d o r s t i l l i n p l a c e ) f r o m c e r t a i n p o s i t i o n s f r o m e i t h e r t h e

l o w e r o r u p p e r j a w o f o n e S i d e o f t h e m o u t h a p p e a r e d i d e n t i c a l t o t e e t h f r o m t h e o p p o s i n g
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j a w a n d s i d e . F o r i n s t a n c e , t h e l o w e r l e f t t e e t h a n g l e i n t h e s a m e m a n n e r a s t h e t e e t h

f r o m t h e u p p e r r i g h t ( N a y l o r a n d M a r c u s , 1 9 9 4 ) . T h e y a l s o o b s e r v e d t h a t d i f f e r e n t

s p e c i e s w i t h i n C a r c h a r h i n u s v a r y i n t h e n u m b e r o f t o o t h p o s i t i o n s — t h i s v a r i a t i o n e x i s t s

f o r b o t h t h e u p p e r a n d l o w e r j a w s , a n d a l s o i n t h e n u m b e r o f t e e t h c o n t a i n e d i n a t o o t h

s e r i e s w i t h i n a s p e c i e s ( N a y l o r a n d M a r c u s , 1 9 9 4 ) . T o o v e r c o m e t h e s e p r o b l e m s a n d

i d e n t i f y i s o l a t e d t e e t h t o t h e s p e c i e s l e v e l i n b o t h f o s s i l a n d e x t a n t s p e c i e s , N a y l o r a n d

M a r c u s ( 1 9 9 4 ) s y s t e m a t i c a l l y a n d s t a t i s t i c a l l y a n a l y z e d t h e s h a p e o f t h e t e e t h . T h e i r

w o r k i s t h e fi r s t a t t e m p t t o d e a l w i t h h e t e r o d o n t y i n s h a r k t e e t h i n a n o n - s u b j e c t i v e

m a n n e r .

C o n v e r g e n c e

C o n v e r g e n c e i s a n o t h e r c h a l l e n g i n g a s p e c t o f s h a r k t a x o n o m y . C o n v e r g e n c e o c c u r s

w h e n a s i m i l a r m o r p h o l o g y d e v e l o p s i n d i s t a n t l y r e l a t e d g r o u p s d u e t o a s i m i l a r w a y o f

l i f e . A c o m m o n l y c i t e d e x a m p l e i s t h e s i m i l a r i t y o f t h e e x t e r n a l s h a p e o f s h a r k s ,

d o l p h i n s , a n d i c h t h y o s a u r s . T h e s a m e p h e n o m e n o n o c c u r s i n C h o n d r i c h t h y a n t e e t h .

C a p p e t t a ( 1 9 7 4 ) s u g g e s t e d , f o r e x a m p l e , t h a t t h e r e m i g h t b e c o n v e r g e n c e i n

s c l e r o r h y n c h i d t e e t h , c r e a t i n g d i f fi c u l t i e s i n i d e n t i f y i n g i s o l a t e d t e e t h t o s p e c i e s . H i s

o b s e r v a t i o n w a s s t a t e d w i t h o u t t h e s u p p o r t o f a p h y l o g e n e t i c a n a l y s i s , b u t i t d o e s

i l l u s t r a t e t h e p o t e n t i a l p r o b l e m o f c o n v e r g e n c e i n e l a s m o b r a n c h t e e t h .

T o o t h T y p e

S i x p r i m a r y t o o t h t y p e s o c c u r i n c h o n d r i c h t h y a n s a c c o r d i n g t o C a p p e t t a ( 1 9 8 7 ) : 1 )

c l u t c h i n g ( t y p i c a l l y e x h i b i t e d b y O r e c t o l o b i f o r m e s ) , 2 ) t e a r i n g ( d i s p l a y e d b y
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H y b o d o n t i d a e a n d O d o n t a s p i d i d a e ) , 3 ) c u t t i n g w h i c h h a s t w o s u b - t y p e s ( c u t t i n g s e n s u

s t r i c t o , s e e n i n S q u a l i c o m x a n d o t h e r l a m n i d s a n d c u t t i n g - c l u t c h i n g s e e n i n t h e

L a m n i d a e , C a r c h a r h i n i d a e , a n d H e m i g a l e i d a e ) , 4 ) c r u s h i n g ( R a j i f o r m e s a n d D a s y a t i d a e ) ,

5 ) g r i n d i n g ( f o u n d i n M y l i o b a t i d s ) , a n d 6 ) c l u t c h i n g - g r i n d i n g ( o n l y s e e n i n

h e t e r o d o n t i d s ) .

C l u t c h i n g - t y p e d e n t i t i o n u s u a l l y c o n s i s t s o f s m a l l t e e t h w i t h l a t e r a l c u s p l e t s t h a t h e l p

h o l d p r e y ( F i g u r e 1 0 ) . T h e s e t e e t h t e n d t o b e f r o m s m a l l s h a r k s t h a t t y p i c a l l y l i v e n e a r o r

a t t h e b o t t o m . N a r r o w c u s p s w i t h l a t e r a l c u s p l e t s t y p i f y t h e t e a r i n g - t y p e d e n t i t i o n , w i t h

t r e n d s t o w a r d s t h e c u t t i n g - t y p e d e n t i t i o n s e e n i n t h e e n l a r g e m e n t o f t h e l a t e r a l t e e t h

( F i g u r e 1 1 ) ( C a p p e t t a , 1 9 8 7 ) . T h e c u t t i n g - t y p e d e n t i t i o n d i s p l a y s m o n o g n a t h i c a n d

d i g n a t h i c h e t e r o d o n t y i n o v e r a l l m o r p h o l o g y w i t h o n e f u n c t i o n a l r o w o f u s u a l l y s e r r a t e d

t e e t h t h a t a r e l a b i o - l i n g u a l l y fl a t t e n e d ( F i g u r e s 1 2 a - b ) . C u t t i n g — c l u t c h i n g s h o w s s t r o n g

d i g n a t h i c h e t e r o d o n t y w i t h t e e t h b e c o m i n g w i d e r a n d fl a t t e r i n t h e l a b i o - l i n g u a l d i r e c t i o n

w h i l e r e t a i n i n g a h i g h a n d n a r r o w c u s p i n t h e a n t e r i o r a n d a n t e r o l a t e r a l fi l e s ( F i g u r e s 1 3 a -

c ) ( C a p p e t t a , 1 9 8 7 ) . C r u s h i n g t y p e d e n t i t i o n i s u s u a l l y s e e n i n b e n t h i c f o r m s , w i t h

n a r r o w l y i m b r i c a t e d t e e t h i n m a n y f u n c t i o n a l r o w s a n d fi l e s ( F i g u r e 1 4 ) . A l s o s e e n i n

b e n t h i c t a x a i s t h e g r i n d i n g t y p e d e n t i t i o n , i n w h i c h t e e t h a r e i n m u l t i p l e r o w s ( i n e a r l y

f o r m s , l a t e r f o r m s s h o w r e d u c t i o n i n t h e n u m b e r o f r o w s ) , n a r r o w l y i m b r i c a t e d , w i t h h i g h

p o l y g o n a l c r o w n s ( F i g u r e 1 5 ) . T h e s i x t h t y p e , c l u t c h i n g - g r i n d i n g , h a s c u s p i d a t e a n t e r i o r

t e e t h t h a t i n c l u d e l a t e r a l c u s p l e t s f o r c l u t c h i n g w h i l e t h e l a t e r a l t e e t h a r e fl a t a n d w i d e f o r

g r i n d i n g ( F i g u r e 1 6 ) ( C a p p e t t a , 1 9 8 7 ) .
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T h e W o o d h a w k ( W H ) a n d P o w e r P l a n t F e r r y ( P P F ) f a u n a s e x h i b i t fi v e o f t h e s i x

d e n t i t i o n t y p e s ( t h e e x c e p t i o n c l u t c h i n g - g r i n d i n g t y p e ) . B r o k e n d o w n b y c a t e g o r y , t o o t h

t y p e s r e p r e s e n t e d i n c l u d e , t h e O r e c t o l o b i f o r m e s d i s p l a y i n g t h e c l u t c h i n g t y p e , t e a r i n g

t y p e s e e n i n t h e O d o n t a s p i d i d a e , c u t t i n g t y p e i n t h e A n a c o r a c i d a e , c r u s h i n g t y p e i n t h e

R h i n o b a t i d a e a n d D a s y a t i d a e , a n d g r i n d i n g t y p e i n t h e H y p s o b a t i d a e , a n d

C a l l o r h y n c h i d a e ( a f a m i l y i n t h e c h i m a e r i d s ) .

T o o t h P o s i t i o n

A p p l e g a t e ( 1 9 6 5 ) n o r m a l i z e d t h e t e r m i n o l o g y u s e d t o d e s c r i b e t h e p o s i t i o n o f s h a r k t e e t h .

H i s s y s t e m i s u s e d t o d a y , f o r i n s t a n c e i n S h i m a d a ’ s ( 2 0 0 7 ) C r e t a l a m n a a p p e n d i c u l a t a

r e c o n s t r u c t i o n . A p p l e g a t e ( 1 9 6 5 ) b u i l t o n p r e v i o u s w o r k b y L e r i c h e ( 1 9 0 5 , 1 9 1 0 , a n d

1 9 2 6 ) a n d W h i t e ( 1 9 3 1 ) w h o i n t r o d u c e d t e r m s t o d e s i g n a t e t o o t h p o s i t i o n s . T h e y w e r e

l i t t l e u s e d u n t i l A p p l e g a t e ( 1 9 6 5 ) r e i n t r o d u c e d t h e m i n o r d e r t o s t a n d a r d i z e t h e

v o c a b u l a r y i n t h e s c i e n t i fi c c o m m u n i t y . T h e t e r m s t h a t L e r i c h e ( 1 9 0 5 ) c o i n e d a n d t h a t

a r e n o w w i d e l y u s e d a r e : s y m p h y s a i r e s ( s y m p h y s e a l s ) , a n t é r i e u r e s ( a n t e r i o r s ) ,

i n t e r r n e ’ d i a i r e s ( i n t e r m e d i a t e s ) , a n d l a t é r a l e s ( l a t e r a l s ) ( F i g u r e 1 7 ) . A n a d d i t i o n a l t e r m

n o w w i d e l y u s e d i s p o s t e r i o r , w h i c h w a s i n t r o d u c e d b y A p p l e g a t e ( 1 9 6 5 ) , t o b e u s e d i n

p l a c e o f “ p o s t e r i o r s o f t h e l a t e r a l s e r i e s ” o r “ p o s t e r i o r l a t e r a l t e e t h ” a s u s e d b y W h i t e

( 1 9 3 1 ) .

T o o t h C h a r a c t e r i s t i c s

E l a s m o b r a n c h t e e t h c o n s i s t o f a n e n a m e l o i d c o v e r e d c r o w n a n d t h e r o o t . I n s h a r k s t h e

c r o w n u s u a l l y f o r m s a s h a r p p o i n t c a l l e d t h e c u s p w i t h t h e v e r y t i p c a l l e d t h e a p e x . T h e

1 8



l a b i a l a n d l i n g u a l f a c e s o f t h e c u s p m e e t t o p r o d u c e t h e s h a r p c u t t i n g e d g e s . T h e

e n a m e l o i d o n e i t h e r s i d e c a n b e s m o o t h o r f o l d e d , s o m e t i m e s c r e a t i n g p l i c a t i o n s o r

v e r t i c a l r i d g e s . O n e o r m o r e p a i r s o f l a t e r a l l y p o s i t i o n e d c u s p l e t s ( o r d e n t i c l e s ) m a y b e

p r e s e n t o n e i t h e r s i d e o f t h e m a i n c e n t r a l c u s p . C u s p l e t s t e n d t o b e l e s s d e v e l o p e d a n d

s m a l l e r t h a n t h e m a i n c u s p . T h e r o o t m a y b e fl a t a n d m a s s i v e w h e n V i e w e d b a s a l l y

( t y p i c a l o f O r e c t o l o b i f o r m e s ) o r i t m a y h a v e l o n g w e l l - s e p a r a t e d l o b e s ( b i l o b e d ) w i t h a

l i n g u a l p r o t u b e r a n c e a n d a n u t r i t i v e g r o o v e c e n t r a l l y l o c a t e d o n t h e l i n g u a l s u r f a c e

( t y p i c a l o f e . g . , t h e O d o n t a s p i d i d a e ) ( C a p p e t t a , 1 9 8 7 ) . T h e c r o w n - r o o t b o u n d a r y i s

u s u a l l y m a r k e d o n t h e l i n g u a l s u r f a c e b y a n a r r o w g r o o v e l a c k i n g e n a m e l o i d c a l l e d t h e

n e c k o r l i n g u a l f u r r o w ( F i g u r e 1 8 f o r a d e p i c t i o n o f s t a n d a r d t o o t h a n a t o m i c a l f e a t u r e s ) .

B a t o i d ( r a y a n d s k a t e ) t e e t h d i f f e r f r o m o t h e r e l a s m o b r a n c h t e e t h i n p o s s e s s i n g a l a r g e l y

c r u s h i n g - t y p e d e n t i t i o n . I n g e n e r a l t h e g l o b u l a r c r o w n s o f r a y t e e t h l a c k c u s p s ( i n

T o r p e d i n i f o r r n e s a n d m a l e s o f t h e R a j i f o r m e s a n d D a s y a t o i d e a c u s p s a r e p r e s e n t o n t h e

c r o w n s ) b u t i n s t e a d b e a r a h i g h c r e s t ( t r a n s v e r s e c r e s t ) o n t h e o c c l u s a l s u r f a c e o f t h e

c r o w n t h a t s e p a r a t e s t h e l i n g u a l f a c e f r o m t h e l a b i a l f a c e ( C a p p e t t a , 1 9 8 7 ) . T h e

e n a m e l o i d c a n b e e i t h e r s m o o t h o r f o l d e d . D i s t i n c t i o n s c a n b e m a d e b e t w e e n l i n g u a l a n d

l a b i a l s i d e s , e . g . t h e l a b i a l f a c e i s t y p i c a l l y m o r e c o n v e x i n s h a p e a n d u s u a l l y c o n t a i n s

f o r a m i n a t h a t t h e l i n g u a l f a c e u s u a l l y l a c k s . T h e l i n g u a l f a c e o f t h e c r o w n m a y a l s o h a v e

o v e r l a p p i n g p r o t r u s i o n s c a l l e d u v u l a e a n d a r e n a m e d t o i n d i c a t e t h e i r l o c a t i o n o n t h e

l i n g u a l f a c e . T h e r o o t m a y b e b i l o b e d , s e p a r a t e d b y t h e n u t r i t i v e g r o o v e ; i n s o m e t a x a ,

m u l t i p l e g r o o v e s a r e p r e s e n t . T h e c r o w n s o f r h i n o b a t o i d t e e t h a r e s i m p l e r a n d r a t h e r
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s m o o t h , w i t h p o s s i b l e c r e n u l a t i o n s o n t h e l i n g u a l f a c e ( F i g u r e 1 9 f o r d e p i c t i o n o f b a t o i d

t o o t h a n a t o m y ) .

R o o t T y p e s

T h e r o o t c a n h a v e o n e o f f o u r d i f f e r e n t r o o t t y p e s a s o r i g i n a l l y l a i d o u t b y C a s i e r ( 1 9 4 7 a -

c ) , w h o m a d e d i s t i n c t i o n s b a s e d o n t h e p l a c e m e n t o f t h e f o r a m i n a a n d t h e c h a r a c t e r i s t i c s

o f t h e n u t r i t i v e g r o o v e . T h e f o u r b a s i c r o o t t y p e s a r e : a n a u l a c o r h i z o u s ,

h e m i a u l a c o r h i z o u s , h o l a u l a c o r h i z o u s , a n d p o l y a u l a c o r h i z o u s ( F i g u r e 2 0 ) .

A n a u l a c o r h i z o u s r o o t s a r e s e e n i n p r i m i t i v e e l a s m o b r a n c h s s u c h a s h y b o d o n t o i d s a n d

h e x a n c h o i d s . T h e s e r o o t s t e n d t o b e fl a t t e n e d a n d t a b u l a r , l a c k n u t r i t i v e g r o o v e s , a n d a r e

v e r y p o r o u s . H e m i a u l a c o r h i z o u s r o o t s a r e c h a r a c t e r i z e d b y a b r o a d t r i a n g u l a r s h a p e i n

b a s a l V i e w , w i t h a l a r g e c e n t r a l f o r a r n e n s e t i n a s h a l l o w t o d e e p d e p r e s s i o n . T h e s e r o o t s

fi r s t a p p e a r e d i n t h e J u r a s s i c a n d a r e f o u n d i n h e t e r o d o n t i d s , s o m e o r e c t o l o b i f o r m s , a n d

s q u a t i n i d s ( C a p p e t t a , 1 9 8 7 ) . H o l a u l a c o r h i z o u s r o o t s h a v e a c o n t i n u o u s w e l l - d e v e l o p e d

n u t r i t i v e g r o o v e t h a t l i e s b e t w e e n m e s i a l a n d d i s t a l r o o t l o b e s . T h i s r o o t s t r u c t u r e i s s e e n

i n L a r n n i f o r m e s , C a r c h a r h i n i f o r m e s , a n d n e a r l y a l l b a t o i d s ( o t h e r t h a n s o m e

M y l i o b a t i f o r m e s ) a n d i s t h e p r e d o m i n a n t r o o t t y p e f o u n d i n t h e f a u n a s s t u d i e d h e r e i n .

P o l y a u l a c o r h i z o u s r o o t s a r e f o u n d o n c e r t a i n d e r i v e d b a t o i d t e e t h t h a t a r e m e s o d i s t a l l y

e x p a n d e d a n d h a v e m a n y l a b i o l i n g u a l l y - o r i e n t e d n u t r i t i v e g r o o v e s . T h e r o o t t a k e s o n a

c o m b - l i k e a p p e a r a n c e a n d h a s m a n y f o r a m i n a t h a t p i e r c e e a c h g r o o v e a n d t h e l a b i a l a n d

l i n g u a l r o o t f a c e s . T h i s s t r u c t u r e i s f o u n d o n s o m e o f t h e m o r e d e r i v e d M y l i o b a t i f o r m e s

( C a p p e t t a , 1 9 8 7 ) .
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T o o t h H i s t o l o g y

E l a s m o b r a n c h t e e t h a r e c o m p o s e d o f fl u o r a p a t i t e C a 5 ( P O 4 ) 3 F i n t w o c a l c i fi e d f o r m s ,

d e n t i n e a n d e n a m e l o i d . T h e d e n t i n e s u r r o u n d s t h e p u l p c a v i t y a n d t h e e n a m e l o i d

( a n a l o g o u s t o m a m m a l i a n e n a m e l ) c o a t s t h e o u t e r s u r f a c e o f t h e c r o w n ( H a l s t e a d , 1 9 7 4 ) .

T h e r e a r e t w o t y p e s o f g e n e r a l i z e d d e n t i n e r e c o g n i z e d - - - t r a b e c u l a r d e n t i n e ( R O s e , 1 8 9 7 )

( o r o s t e o d e n t i n e O r v i g [ 1 9 5 1 ] ) , a n d o r t h o d e n t i n e ( P e y e r , 1 9 6 8 ) . E l a s m o b r a n c h t e e t h

h a v e b e e n g r o u p e d i n t o t w o d i s t i n c t h i s t o l o g i c t o o t h t y p e s , o s t e o d o n t a n d o r t h o d o n t

( F i g u r e 2 1 ) . O s t e o d o n t t e e t h h a v e t r a b e c u l a r d e n t i n e fi l l i n g t h e c o r e o f t h e c r o w n ( n o

l a r g e p u l p c a v i t y ) s u r r o u n d e d b y o r t h o d e n t i n e a n d c o v e r e d b y a t h i n l a y e r o f e n a m e l o i d .

O r t h o d o n t t e e t h h a v e a c r o w n w i t h a n e n l a r g e d p u l p c a v i t y s u r r o u n d e d b y a t h i c k

t r a b e c u l a r d e n t i n e l a y e r a n d a n i n t e r m e d i a t e t h i n , o r t h o d e n t i n e l a y e r a n d o u t e r s u p e r fi c i a l

e n a m e l o i d s h e a t h ( W e l t o n a n d F a r i s h , 1 9 9 3 ) . E l a s m o b r a n c h s w i t h o s t e o d o n t h i s t o l o g y

i n c l u d e ( m o s t ) H y b o d o n t o i d e a , H e x a n c h i f o r m e s , L a m n i f o r m e s , a n d M y l i o b a t i f o r r n e s .

O r t h o d o n t h i s t o l o g y i s r e p r e s e n t e d b y t h e S q u a n t i n i f o r r n e s , ( m o s t ) O r e c t o l o b i f o r m e s ,

S q u a l i f o r r n e s , H e t e r o d o n t i f o r m e s , C a r c h a r i n i f o r m e s , a n d ( m o s t ) R a j i f o r r n e s ( W e l t o n a n d

F a r i s h , 1 9 9 3 a n d C a p p e t t a , 1 9 8 7 ) .

H o l o c e p h a l i a n s

H o l o c e p h a l i a n s d i f f e r f r o m o t h e r c h o n d r i c h t h y a n s i n t h a t t h e y h a v e t o o t h p l a t e s . T h e y

a r e c o m p o s e d o f a c r o w n a n d r o o t l i k e s h a r k t e e t h h o w e v e r t h e y a r e d i f f e r e n t i n f o r m a n d

s t r u c t u r e f r o m t h e m o r e t y p i c a l c h o n d r i c h t h y a n s . T h e t o o t h p l a t e s g r o w s l o w l y , a n d a r e

n o t r e p l a c e d ( S t a h l , 1 9 9 9 ) . P r e v i o u s s t u d i e s ( B i g e l o w a n d S c h r o e d e r , 1 9 5 3 a n d P e y e r ,

1 9 6 8 ) i n c o r r e c t l y s h o w e d t h a t t h e r e w e r e o n l y o n e o r t w o p a i r s o f u p p e r t o o t h p l a t e s - - a
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s m a l l e r a n t e r i o r p l a t e ( t h e p a l a t i n e ) a n d a l a r g e r p o s t e r i o r p l a t e ( t h e v o m e r i n e ) - - a n d a

p a i r o f l o w e r m a n d i b u l a r p l a t e s . T h e r e a r e u s u a l l y t w o o r t h r e e p a i r s o f u p p e r t o o t h

p l a t e s - - a s m a l l e r a n t e r i o r p l a t e ( t h e p a l a t i n e ) a n d a l a r g e r p o s t e r i o r p l a t e ( t h e v o m e r i n e ) -

- w h i c h a r e o p p o s e d b y o n e , t w o o r t h r e e p a i r s o f l o w e r m a n d i b u l a r p l a t e s ( S t a h l , 1 9 9 9 )

( F i g u r e s 2 2 a - c ) . T h e s e p l a t e s a r e c o m p l e x , b u t a h o l o c e p h a l i a n t o o t h p l a t e i n c l u d e s a

l a m e l l a r t i s s u e b a s e ( S t a h l , 1 9 9 9 ) o n t o p o f w h i c h s i t s a w i d e m e s h e d s y s t e m o f t r a b e c u l a r

d e n t i n e t h a t c o n t a i n s i n t e r s p e r s e d o d o n t o b l a s t b a l l c h a i n s ( s o m e t i m e s c a l l e d c o s m i n e

r o d s ) ( P e y e r , 1 9 6 8 ) , r e c e n t l y d e s c r i b e d a s o r t h o t r a b e c u l i n e ( S t a h l , 1 9 9 9 ) , a n d v a s c u l a r

c h a n n e l s . T h e v a s c u l a r c h a n n e l s c o n t i n u e t o t h e o c c l u s a l s u r f a c e a n d c r e a t e a p u n c t u a t e

p a t t e r n i n t h e e n a m e l ( S t a h l , 1 9 9 9 ) . T h e t r a b e c u l a r d e n t i n e i s c o v e r e d b y a p r o t e c t i v e

c o a t i n g o f v i t r o d e n t i n e o r e n a m e l ( P e y e r , 1 9 6 8 a n d S t a h l , 1 9 9 9 ) ( F i g u r e 2 2 d ) .

2 2



G E O L O G I C S E T T I N G A N D L O C A L I T I E S

M o n t a n a G r o u p

B o w e n ’ s ( 1 9 1 5 ) w o r k o n t h e M o n t a n a G r o u p i s t h e m o s t f r e q u e n t l y c i t e d s t u d y . T h e

f o l l o w i n g b r i e f d e s c r i p t i o n o f t h e M o n t a n a G r o u p a n d i t s f o r m a t i o n s l a r g e l y d r a w s o n

B o w e n ’ s w o r k e x c e p t w h e r e m o r e r e c e n t r e s e a r c h a n d r e v i s i o n s h a v e b e e n m a d e , i n t h o s e

c a s e s , t h e a p p r o p r i a t e r e f e r e n c e s h a v e b e e n u t i l i z e d a n d c i t e d i n a d d i t i o n t o B o w e n

( 1 9 1 5 ) . T h e M o n t a n a G r o u p , a t e r m fi r s t p r o p o s e d b y E l d r i d g e ( 1 8 8 9 ) , i s c o m p o s e d o f

t h e E a g l e , C l a g g e t t , J u d i t h R i v e r , a n d B e a r p a w f o r m a t i o n s ( S a h n i , 1 9 7 2 ) , w h i c h s i t s

c o n f o r r n a b l y a t o p t h e b l a c k l a m i n a t e d C o l o r a d o S h a l e .

E a g l e F o r m a t i o n

T h e E a g l e F o r m a t i o n ( o r i g i n a l l y d e s i g n a t e d a s t h e E a g l e S a n d s t o n e b y W e e d , 1 8 9 9 ) i s

m a r i n e t o b r a c k i s h w a t e r i n o r i g i n ( H e a m e t a l . , 1 9 6 4 ; G i l l a n d C o b b a n , 1 9 7 3 ; a n d

R o g e r s , 1 9 9 4 ) a n d i s d i v i d e d i n t o a l o w e r a n d a n u p p e r u n i t .

L o w e r - T h e l o w e r m e m b e r o f t h e E a g l e F o r m a t i o n i s t h e V i r g e l l e S a n d s t o n e

M e m b e r ( B o w e n , 1 9 1 5 ) , a m a s s i v e t o h e a v y b e d d e d s a n d s t o n e t h a t i s l a r g e l y

u n f o s s i l i f e r o u s ( S a h n i , 1 9 7 2 ) . I t c o n s i s t s o f h i g h a n g l e p l a n a r c r o s s - b e d d i n g , a n d i n t h e

n o r t h e r n e x p o s u r e s t h e c o l o r a t i o n i s w h i t e w i t h r u s t y c o l o r e d c o n c r e t i o n s . S o u t h e r n

e x p o s u r e s s h o w a g r a y t o l i g h t b r o w n c o l o r w i t h l e d g e s o r h o g b a c k r i d g e s ( S t e m b e r g ,

1 9 1 4 a n d B o w e n , 1 9 1 5 ) .

U p p e r - N o r t h e r n e x p o s u r e s h a v e t h i n - b e d d e d s a n d s t o n e s w i t h i n t e r b e d d e d s h a l e s ,

a n d t h e m i d d l e m e m b e r i s a d a r k c o l o r e d s h a l e w i t h a f e w t h i n b e d s o f c a r b o n a c e o u s

2 3



s h a l e , c o a l , a n d s a n d s t o n e . I n s o u t h e r n a r e a s t h e m i d d l e m e m b e r h a s t h i n b e d d e d s h a l y

s a n d s t o n e s a n d l a c k s c o a l a n d c a r b o n a c e o u s b e d s ( B o w e n , 1 9 1 5 a n d H e a m e t a l . , 1 9 6 4 ) .

C l a g g e t t F o r m a t i o n

T h e C l a g g e t t F o r m a t i o n ( n a m e d b y S t a n t o n a n d H a t c h e r , 1 9 0 5 ) i s a l s o d i v i d e d i n t o a

l o w e r a n d a n u p p e r u n i t , w h i c h l i e c o n f o r r n a b l y o n t o p o f t h e E a g l e F o r m a t i o n .

L o w e r - L a r g e l y a d a r k m a r i n e s h a l e w i t h m a n y o f t h e s a m e i n v e r t e b r a t e s p e c i e s

a s t h e B e a r p a w F o r m a t i o n . E x a m p l e s i n c l u d e : B a c u l i t e s o v a l t u s , B . c o m p r e s s u s ,

G e r v i l l i a b o r e a l i s , I n o c e r a m u s b a r a b i m ' , a n d L e d a e v a n s i ( w h i c h a r e a l s o c h a r a c t e r i s t i c

o f t h e P i e r r e S h a l e ) ( B o w e n , 1 9 1 5 a n d S a h n i , 1 9 7 2 ) . T h e P i e r r e S h a l e i s m a r i n e i n

o r i g i n ; i t i s a t h i c k , f o s s i l i f e r o u s s h a l e t h a t e x t e n d s f r o m N o r t h D a k o t a t o N e w M e x i c o

( M e e k a n d H a y d e n , 1 8 6 2 ) .

U p p e r - R e s e m b l e s t h e J R F i n s o m e p l a c e s w i t h a l t e r n a t i n g s a n d s t o n e a n d s h a l e

b e d s t h a t t r e n d t o w a r d s s a n d s t o n e a t t h e t o p ( t h e u n i t m a y n a t u r a l l y b e l o n g t o t h e J R F

i n s t e a d o f t h e C l a g g e t t F o r m a t i o n d u e t o t h e c h a n g e i n l i t h o l o g y a n d f o s s i l f a u n a )

( B o w e n , 1 9 1 5 ) . M a r i n e f o s s i l s a r e n u m e r o u s ( T a n c r e d i a a m e r i c a n a , C a r d i u m

s p e c i o s u m , M a c t r a f o r m o s a , a n d M . a l t a ) , m a n y o f w h i c h a r e c h a r a c t e r i s t i c o f t h e F o x

H i l l s s a n d s t o n e ( H e a m e t a l . , 1 9 6 4 ; S a h n i , 1 9 7 2 ; a n d G i l l a n d C o b b a n , 1 9 7 3 ) .

J u d i t h R i v e r F o r m a t i o n

T h e J R F i s m o s t l y n o n m a r i n e w i t h a b r a c k i s h t o f r e s h w a t e r o r i g i n , h a v i n g a c c u m u l a t e d

d u r i n g t h e r e g r e s s i o n o f t h e C l a g g e t t S e a a n d t h e t r a n s g r e s s i o n o f t h e B e a r p a w S e a

( H e a m e t a l . ; 1 9 6 4 ; S a h n i , 1 9 7 2 ; a n d R o g e r s a n d K i d w e l l , 2 0 0 0 ) . I t c o n s i s t s o f
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a l t e r n a t i n g b e d s o f s a n d s t o n e ( fi n e - t o - m e d i u m - g r a i n e d ) , c l a y ( s i l t y c l a y s a n d s i l t s t o n e s )

( B o w e n , 1 9 1 5 ) , s h a l e , a n d c a l c a r e o u s u n i t s t h a t i n c o m b i n a t i o n w i t h t h e f o s s i l s f o u n d

( b e l o w ) a r e c h a r a c t e r i s t i c o f e s t u a r i n e d e p o s i t s ( H a y d e n , 1 8 6 0 ) . A l o n g t h e t o p o f t h e u n i t

i n s o m e p l a c e s c o a l s e a m s a r e p r e s e n t a n d t h e o v e r l y i n g m e m b e r s a r e m a r l a n d b r e c c i a

( H e a m e t a l . , 1 9 6 4 ) . I t c o n t a i n s l a r g e n u m b e r s o f t h e m a r i n e / b r a c k i s h w a t e r h a b i t i n g

o y s t e r O s t r e a , b o n e s o f v e r t e b r a t e s , s h a r k t e e t h , s i l i c i fi e d w o o d , a n d l e a f a n d s t e m

f r a g m e n t s , w h i c h a r e f o u n d i n v e r t e b r a t e l a g d e p o s i t s i n t h e d i s c o n t i n u i t i e s i n t h e

f o r m a t i o n ( R o g e r s a n d K i d w e l l , 2 0 0 0 ) .

B e a r p a w F o r m a t i o n

T h e B e a r p a w F o r m a t i o n ( n a m e d b y S t a n t o n a n d H a t c h e r , 1 9 0 5 ) i s v e r y s i m i l a r t o t h e

C l a g g e t t F o r m a t i o n i n l i t h o l o g y a n d t h e t y p e s o f f o s s i l s f o u n d ( S a h n i , 1 9 7 2 ) . I t i s a d a r k

g r e e n t o b l a c k m a r i n e s h a l e w i t h c a l c a r e o u s c o n c r e t i o n s , a n d a l s o c o n t a i n s p o r t i o n s o f

d o m i n a n t l y fi s s i l e b e n t o n i t i c s h a l e ( H e a m e t a l . , 1 9 6 4 ) . I t c o n t a i n s m a n y i n v e r t e b r a t e

f o s s i l s t h a t a r e c h a r a c t e r i s t i c o f t h e P i e r r e S h a l e ( B a c u l i t e s o v a l t u s , B . c o m p r e s s u s ,

S c a p h i t e s n o d o s u s , a n d I n o c e r a m u s b a r a b i n i ) ( S t e m b e r g , 1 9 1 4 a n d B o w e n , 1 9 1 5 ) .

R e g i o n a l C o r r e l a t i o n s

F i g u r e 2 3 s h o w s a s i m p l i fi e d s t r a t i g r a p h i c s e c t i o n o f M o n t a n a a n d c o r r e l a t i v e f o r m a t i o n s

i n s o u t h e r n A l b e r t a .

T h e E a g l e F o r m a t i o n ( U p p e r E a g l e F o r m a t i o n ) o f M o n t a n a g r a d e s i n t o a n d c o r r e l a t e s

w i t h t h e U p p e r M i l k R i v e r F o r m a t i o n ( o r M i l k R i v e r G r o u p ) i n t h e M i l k R i v e r a r e a ( e a s t
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o f G l a c i e r N a t i o n a l P a r k ) ( J o h n s o n a n d S t o r e r , 1 9 7 4 a n d S a h n i , 1 9 7 2 ) . T h e M i l k R i v e r

F o r m a t i o n ( n a m e d b y D o w l i n g [ 1 9 1 7 ] f o r i t s l o c a t i o n o n t h e M i l k R i v e r ) i s a n o n m a r i n e

d e p o s i t o f l i g h t c o l o r e d s h a l e s a n d s a n d s t o n e s w i t h s o m e d a r k g r a y a r g i l l a c e o u s

s a n d s t o n e , s a n d y c l a y , a n d s a n d s t o n e ( D o w l i n g , 1 9 1 7 a n d J o h n s o n a n d S t o r e r , 1 9 7 4 ) .

T h e C l a g g e t t F o r m a t i o n ( n a m e d b y D o w l i n g , 1 9 1 5 ) i s e q u i v a l e n t t o t h e P a k o w k i

F o r m a t i o n ( M i l k R i v e r a r e a ) i n A l b e r t a , s i m i l a r b o t h l i t h o l o g i c a l l y a n d f a u n i s t i c a l l y

( S a h n i , 1 9 7 2 ) . T h e C l a g g e t t i s m a r i n e i n o r i g i n w i t h a s e q u e n c e o f d a r k g r a y t o d a r k

b r o w n s h a l e s , g r a y t o b r o w n t o g r a y - g r e e n s a n d s t o n e s , a n d c h e r t p e b b l e s a t t h e b a s e

( D o w l i n g , 1 9 1 7 a n d J o h n s o n a n d S t o r e r , 1 9 7 4 ) .

T h e l o w e r u n i t o f t h e J R F c o r r e l a t e s w i t h t h e F o r e m o s t F o r m a t i o n i n t h e M e d i c i n e H a t

a r e a ( D o w l i n g , 1 9 1 5 ) . I t i s n o n m a r i n e , a m i x t u r e o f s h a l e , c a r b o n a c e o u s s h a l e , s i l t s t o n e ,

s a n d s t o n e , a n d s o m e i r o n s t o n e a n d c o a l ( D o w l i n g , 1 9 1 7 , S a h n i , 1 9 7 2 , a n d H a m b l i n ,

1 9 9 5 ) . T h e u p p e r u n i t h a s b e e n c o r r e l a t e d w i t h t h e O l d m a n F o r m a t i o n ( n a m e d b y

R u s s e l l a n d L a n d e s , 1 9 4 0 ) i n t h e M e d i c i n e H a t a n d D i n o s a u r P r o v i n c i a l P a r k a r e a s . T h i s

f o r m a t i o n i s a l s o n o n m a r i n e a n d c o n s i s t s o f b e n t o n i t i c s h a l e , c a r b o n a c e o u s s h a l e ,

s i l t s t o n e s , a n d s o m e l i m e s t o n e b e d s ( D o w l i n g , 1 9 1 7 ; S a h n i , 1 9 7 2 ; J o h n s o n a n d S t o r e r ,

1 9 7 4 ; a n d E b e r t h e t a l . , 1 9 9 0 ) .

T h e B e a r p a w F o r m a t i o n c o n t i n u e s i n t o A l b e r t a a n d i s a d a r k b r o w n s a n d y s h a l e t o d a r k

g r a y s h a l e , a n d a r g i l l a c e o u s s a n d s t o n e w i t h s o m e b e n t o n i t e s ( D o w l i n g , 1 9 1 7 ; J o h n s o n

a n d S t o r e r , 1 9 7 4 ; a n d E b e r t h e t a l . , 1 9 9 0 ) .
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J R F T y p e L o c a l i t y a n d N o m e n c l a t u r a l P r o b l e m s

T h e J R F w a s n a m e d t h e J u d i t h R i v e r G r o u p b y H a y d e n ( 1 8 7 1 ) h o w e v e r , t h e t y p e l o c a l i t y

w a s n o t d e s i g n a t e d b y H a y d e n ( B o w e n , 1 9 1 5 ) . I n s t e a d t h e l o c a l i t y w a s c h o s e n b y B o w e n

( 1 9 1 5 ) b a s e d o n H a y d e n ’ s d e s c r i p t i o n s i n 1 8 6 0 ,

N e a r t h e m o u t h o f t h e J u d i t h R i v e r , n o t f a r f r o m t h e s o u r c e s o f t h e

M i s s o u r i , i n l a t i t u d e 4 7 1 / 2 ° , l o n g i t u d e 1 0 9 l / 2 ° , i s a w i l d , d e s o l a t e , a n d
r u g g e d r e g i o n , w h i c h I c a l l e d t h e ‘ B a d l a n d s o f t h e J u d i t h ’ ( H a y d e n , 1 8 6 0 :
1 2 3 ) .

I n a d d i t i o n t o p r o b l e m s w i t h d e f i n i n g t h e t y p e l o c a l i t y , t h e r e h a v e b e e n p r o b l e m s w i t h

p r o p e r n o m e n c l a t u r e f o r t h e f o r m a t i o n a n d i t s i n c l u d e d m e m b e r s , e s p e c i a l l y a c r o s s

i n t e r n a t i o n a l b o u n d a r i e s . O r i g i n a l l y n a m e d t h e J u d i t h G r o u p ( H a y d e n , 1 8 6 0 ) , i t h a s a l s o

b e e n r e f e r r e d t o a s t h e J u d i t h R i v e r g r o u p , t h e J u d i t h R i v e r b e d s a n d t h e J u d i t h R i v e r

F o r m a t i o n . P r o b l e m s s t i l l e x i s t e d i n t o t h e m i d - 1 9 0 0 s i n C a n a d a , u n t i l R u s s e l l a n d L a n d e s

( 1 9 4 0 ) a d d r e s s e d t h e p r o b l e m b y t r y i n g t o i n s t i t u t e a u n i f o r m t e r m i n o l o g y b y r e f e r r i n g

b a c k t o D o w l i n g ’ s ( 1 9 1 7 ) w o r k t h a t t h e y i n t e r p r e t e d t o b e c o r r e c t . D o w l i n g r e d e fi n e d t h e

s t r a t i g r a p h y o f t h e B e l l y R i v e r S e r i e s o r i g i n a l l y l a i d o u t b y D a w s o n ( 1 8 8 4 a ) b y t e a s i n g

o u t d i f f e r e n t i a t e d b e d s , i n d e s c e n d i n g o r d e r t h e P a l e b e d s ( l a t e r t o b e c o m e t h e O l d m a n

F o r m a t i o n ) , F o r e m o s t , P a k o w k i , a n d M i l k f o r m a t i o n s . M o r e r e c e n t l y E b e r t h e t a l .

( 1 9 9 0 ) , s t a n d a r d i z e d t h e t e r m s w i t h i n C a n a d a a n d a c r o s s t h e b o r d e r .

J u d i t h R i v e r F o r m a t i o n ( J R F )

T h e J R F i n M o n t a n a ( a l s o f o u n d e x t e n s i v e l y i n A l b e r t a a s p r e v i o u s l y m e n t i o n e d a n d i n

S a s k a t c h e w a n ) i s U p p e r C r e t a c e o u s ( C a m p a n i a n ) i n a g e . I t i s m o s t l y n o n m a r i n e , w i t h
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d o m i n a n t l y fl u v i a l f a c i e s w i t h l o c a l t i d a l i n fl u e n c e s a n d p r i m a r i l y c o m p o s e d o f s i l t y

c l a y s , s i l t s t o n e s , a n d fi n e - t o - m e d i u m - g r a i n e d s a n d s t o n e s . T h e f o r m a t i o n a c c u m u l a t e d

d u r i n g t h e r e g r e s s i v e a n d t r a n s g r e s s i v e s e q u e n c e s o f t h e C l a g g e t t S e a ( r e g r e s s i v e

s e q u e n c e 8 [ R 8 ] ; s e e F i g u r e l i n R o g e r s a n d K i d w e l l , 2 0 0 0 ) a n d B e a r p a w S e a

( t r a n s g r e s s i v e s e q u e n c e 9 [ T 9 ] ; F i g u r e 1 i n R o g e r s a n d K i d w e l l , 2 0 0 0 ) , r e s p e c t i v e l y , a n d

i s b o u n d e d a b o v e a n d b e l o w b y t h e m a r i n e s h a l e s o f t h e C l a g g e t t a n d B e a r p a w

f o r m a t i o n s ( H a m b l i n , 1 9 9 5 a n d R o g e r s a n d K i d w e l l , 2 0 0 0 ) . T h e J R F c o n t a i n s a n u m b e r

o f d i s c o n t i n u i t i e s , w i t h i n b o t h t h e l a r g e - s c a l e a n d s m a l l - s c a l e r e g r e s s i v e a n d t r a n s g r e s s i v e

s e q u e n c e s . T h e m a j o r i t y o f f o s s i l s o c c u r w i t h i n t h e s m a l l e r s c a l e , o r m i n o r ,

d i s c o n t i n u i t i e s , w h i c h a r e p r i m a r i l y r e p r e s e n t e d b y s h a l l o w m a r i n e s a n d s t o n e s . F o s s i l s

u t i l i z e d i n t h i s s t u d y w e r e c o l l e c t e d f r o m t w o o f t h o s e d i s c o n t i n u i t i e s , D 3 ( R o g e r s ,

p e r s o n a l c o m m u n i c a t i o n a n d p e r s o n a l o b s e r v a t i o n ) ( F i g u r e 1 f r o m R o g e r s a n d K i d w e l l ,

2 0 0 0 ) .

L o c a l i t i e s

T h e t e e t h e x a m i n e d i n t h i s s t u d y w e r e c o l l e c t e d f r o m t h e W o o d h a w k B o n e b e d ( W H )

( l o c a t e d a t N 4 7 ° 4 4 ’ , W 1 0 8 ° 5 7 ’ ) ( F i g u r e 2 4 ) a n d t h e P o w e r P l a n t F e r r y B o n e b e d ( P P F )

( F i g u r e 2 5 ) ( l o c a t e d a t N 4 7 ° 4 3 ’ , W 1 0 8 ° 5 6 ’ ) , * b o t h w i t h i n t h e J u d i t h R i v e r F o r m a t i o n

( J R F ) ( F i g u r e 2 6 ) . T h e b o n e b e d s a r e d e v e l o p e d o n a w i d e s p r e a d d i s c o n t i n u i t y s u r f a c e

l o c a t e d o n t h e r i g h t b a n k o f t h e M i s s o u r i R i v e r . T h e W H c o n s i s t s o f t w o c o n c e n t r a t e d

p o c k e t s o f f o s s i l d e b r i s ( a n u p p e r s c o u r a n d a l o w e r s c o u r ) e a c h o f a p p r o x i m a t e l y 1 m e t e r

i n l a t e r a l e x t e n t t h a t c r o p o u t a t t h e s u r f a c e a n d h a s b e e n p r e v i o u s l y i n t e r p r e t e d t o

 

* I I o l

P r e c r s e c o o r d i n a t e s a r e k e p t o n fi l e a t t h e S c r e n c e M u s e u m o f a n e s o t a .
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c o i n c i d e w i t h a s e q u e n c e b o u n d a r y ( R o g e r s , p e r s o n a l c o m m u n i c a t i o n ) w h i l e t h e P P F i s

o n e s c o u r o f a p p r o x i m a t e l y 1 m e t e r i n l a t e r a l e x t e n t . T h e s e b o n e b e d s a r e v e r y

f o s s i l i f e r o u s p o c k e t s t h a t a r e p a r t o f a l a r g e r f o s s i l - b e a r i n g h o r i z o n t h a t s p a n s t e n s o f

s q u a r e m i l e s i n t h e e a s t e r n p a r t o f t h e M i s s o u r i B r e a k s ( R o g e r s , p e r s o n a l c o m m u n i c a t i o n )

a n d a r e t h e s a m e h o r i z o n a n d e q u i v a l e n t i n a g e t o t h e d e p o s i t s i n B l a i n e C o u n t y t h a t C a s e

c o l l e c t e d f r o m i n t h e l a t e 1 9 7 0 3 .

T h e W H i s 2 - 4 c e n t i m e t e r s t h i c k ( l o w e r s c o u r ) , a n d a p p r o x i m a t e l y 1 - 2 c e n t i m e t e r s t h i c k

( u p p e r s c o u r ) , a n d t h e P P F i s ~ 1 0 c e n t i m e t e r s t h i c k . T h e b o n e b e d s a r e p r i m a r i l y

c o m p o s e d o f v e r y w e l l - s o r t e d , m o d e r a t e l y r o u n d e d , m e d i u m t o fi n e - g r a i n e d , y e l l o w - t a n

s h o r e f a c e q u a r t z s a n d s t o n e w i t h t r a c e s o f f e l d s p a r a n d e v e n s m a l l e r a m o u n t s o f

p y r o x e n e / a m p h i b o l e ( R o g e r s , p e r s o n a l c o m m u n i c a t i o n a n d p e r s o n a l o b s e r v a t i o n ) . I n

a d d i t i o n t o v e r t e b r a t e f o s s i l s , i n v e r t e b r a t e s a r e p l e n t i f u l , i n c l u d i n g t h e o y s t e r O s t r e a

( R o g e r s a n d K i d w e l l , 2 0 0 0 ) , a n d m a n y m a r i n e t r a c e f o s s i l s a r e a l s o f o u n d , a m o n g t h e m

T e i c h i c h n u s , O p h i o m o r p h a , a n d S k o l i t h o s ( R o g e r s , p e r s o n a l c o m m u n i c a t i o n ) . R e c e n t

r a d i o m e t r i c d a t e s o f n e a r b y b e n t o n i t e b e d s a b o v e ( 7 4 M a ) a n d b e l o w ( 7 5 . 4 M a ) p l a c e t h e

b o n e b e d s a t c a . 7 4 . 5 M a ( R o g e r s , K i d w e l l , a n d D e i n o , i n p r e p a r a t i o n ) .
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R E V I E W O F E A R L I E R J R F S H A R K F A U N A S T U D I E S

T h e m o s t r e c e n t c o m p r e h e n s i v e s t u d y o n t h e C h o n d r i c h t h y a n f a u n a o f t h e J R F i n

M o n t a n a w a s c o m p l e t e d b y C a s e i n 1 9 7 8 ( p r i o r t o t h a t S a h n i ’ s w o r k i n 1 9 7 2 c o n c e n t r a t e d

o n t h e t e r r e s t r i a l f a u n a - t h e o n l y C h o n d r i c h t h y a n h e n o t e d w a s M y l e d a p h u s b i p a r t i t u s ) .

C a s e ( 1 9 7 8 a ) d e s c r i b e d 3 n e w g e n e r a a n d 1 2 n e w s p e c i e s o f c h o n d r i c h t h y a n s . T h e n e w

s p e c i e s d e s c r i b e d b y C a s e ( 1 9 7 8 a ) w e r e : H y b o d u s m o n t a n e n s i s , H y b o d u s s t o r e r i ,

S y n e c h o d u s a n d e r s o m ' , S y n e c h o d u s s t r i a t u s , E u c r o s s o r h i n u s m i c r o c u s p i d a t u s ,

C r e t o r e c t o l o b u s O l s o m ' , H y p o t o d u s g r a n d i s , O d o n t a s p i s s a n g u i n e i , A r c h a e o t r i a k i s

r o c h e l l e a e , P r o t o p l a t y r h i n a r e n a e , I s c h y r h i z a s p . ( a c c o r d i n g t o C a s e , a p o s s i b l e n e w

s p e c i e s ) , a n d P t y c h o t r y g o n b l a i n e n s i s , i n a d d i t i o n t o a n e w o r e c t o l o b i d , C h i l o s c y l l i u m

m i s s o u r i e n s i s , a n d a c h i m a e r i d I s c h y o d u s b i f u r c a t u s C a s e , 1 9 7 8 b . T h e s e w e r e i n a d d i t i o n

t o p r e v i o u s l y n a m e d t a x a a l s o c o l l e c t e d b y C a s e a t t h i s t i m e ( C a s e 1 9 7 8 a ) : S q u a l i c o r a x

k a u p i A g a s s i z , 1 8 4 3 , A r c h a e o l a m n a k o p i n g e n s i s ( D a v i s , 1 8 9 0 ) , I s c h y r h i z a c f . [ s i c ]

a v o n i c o l a E s t e s , 1 9 6 4 , I s c h y r h i z a m i r a L e i d y , 1 8 5 6 b , M y l e d a p h u s b i p a r t i t u s C o p e ,

1 8 7 6 a , a n d l a s t l y a c h i m a e r i d s i m i l a r t o o n e n a m e d b y A g a s s i z , E l a s m o d u s c f . [ s i c ]

g r e e n o u g h i A g a s s i z , 1 8 4 3 ( C a s e , 1 9 7 9 ) . C a s e i d e n t i fi e d a l l o f t h e s e s p e c i e s p r i m a r i l y o n

t h e b a s i s o f i s o l a t e d s h a r k t e e t h , b u t a l s o o c c a s i o n a l l y u t i l i z e d d o r s a l fi n s p i n e s , d e r m a l

d e n t i c l e s , a n d c e n t r a i n c o n j u n c t i o n w i t h t h e t e e t h .

T h i s c u r r e n t s t u d y i n c l u d e s p r e v i o u s l y k n o w n s p e c i e s f r o m t h e J R F , s u c h a s H y b o d u s

m o n t a n e n s i s , C r e t o r e c t o l o b u s O l s o n i , S q u a l i c o r a x k a u p i , S q u a l i c o r a x s p . , c f . S . k a u p i ,

H y p o t o d u s g r a n d i s , H y p o t o d u s s p p . , A r c h a e o l a m n a k o p i n g e n s i s , A r c h a e o t r i a k i s

r o c h e l l e a e , P r o t o p l a t y r h i n a r e n a e , l s c h y r h i z a m i r a , M y l e d a p h u s b i p a r t i t u s a n d a
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c h i m a e r i d , I s c h y o d u s s p . T h e s t u d y a l s o a d d s s i x a d d i t i o n a l s p e c i e s t o t h e p r e v i o u s

k n o w n d i v e r s i t y f r o m t h e J R F , n a m e l y S q u a l i c o r a x p r i s t o d o n t u s , C r e t o l a m n a

a p p e n d i c u l a t a , P r o t o l a m n a s o k o l o v i , l s c h y r h i z a a v o n i c o l a , P t y c h o t r y g o n h o o v e r i , a n d

P t y c h o t r y g o n t r i a n g u l a r i s , a s w e l l a s a d d i t i o n a l t a x a n o t i d e n t i fi e d t o s p e c i e s s u c h a s

S q u a t i r h i n a s p . , o r , i n s o m e c a s e s e v e n t o g e n u s l e v e l s ( T a b l e 1 ) .
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M E T H O D O L O G Y

F i e l d M e t h o d s

R o u g h l y 2 1 k i l o g r a m s o f f o s s i l i f e r o u s m a t r i x w a s c o l l e c t e d f r o m t h e W H s i t e b y D r .

R a y m o n d R o g e r s ( R R R ) ( M a c a l e s t e r C o l l e g e ) i n A u g u s t 2 0 0 2 , a n d a p p r o x i m a t e l y 4 5

k i l o g r a m s o f f o s s i l i f e r o u s m a t r i x w a s c o l l e c t e d f r o m t h e P P F s i t e b y t h e a u t h o r i n 2 0 0 6

f r o m F e r g u s C o u n t y i n n o r t h - c e n t r a l M o n t a n a . P r i o r t o t h e 2 0 0 2 b u l k s a m p l i n g R R R

s c r e e n w a s h e d ( w i t h s t a n d a r d w i n d o w s c r e e n m e s h ) s e d i m e n t s f r o m t h e W H ( c r e a t i n g a

n o t i c e a b l e s a m p l i n g b i a s w h e r e o n l y t h e l a r g e r f o s s i l s w e r e c o l l e c t e d ) w i t h t h e r e s u l t i n g

m a t e r i a l i n c l u d e d i n t h i s s t u d y . T h e m a t r i x w a s l a t e r t r a n s f e r r e d t o M i c h i g a n S t a t e

U n i v e r s i t y ( M S U ) f o r t h e p u r p o s e s o f t h i s s t u d y .

L a b o r a t o r y M e t h o d s

T h e m a t r i x i s l o o s e , u n c o n s o l i d a t e d , f r e e fl o w i n g m a t e r i a l , a n d w a s d r y - s i e v e d ( U S

s t a n d a r d m e s h s i e v e s [ A S T M s p e c i fi c a t i o n E - l 1 ] , 4 . 7 5 m i l l i m e t e r t o 0 . 0 3 7 m i l l i m e t e r s )

a c c o r d i n g t o t h e m e t h o d s o u t l i n e d i n R i x o n ( 1 9 7 6 ) i n o r d e r t o e x t r a c t a n y s h a r k a n d r a y

t e e t h , c e n t r a , a n d o t h e r f o s s i l s ( s u c h a s t e l e o s t r e m a i n s ) . M o s t f o s s i l m a t e r i a l w a s f o u n d

i n t h e 4 . 7 5 m i l l i m e t e r t o 0 . 5 0 0 m i l l i m e t e r m e s h s i z e s . O n c e s i e v e d , t h e s h a r k a n d r a y

t e e t h w e r e c l e a n e d o f a n y e x c e s s m a t r i x w i t h a p i n V i c e w h e n p o s s i b l e a n d i d e n t i fi e d w i t h

t h e a i d o f t h e c u r r e n t l i t e r a t u r e u t i l i z i n g b o t h p r i m a r y a n d s e c o n d a r y s o u r c e s s u c h a s C a s e

( 1 9 7 8 a ) , C a p p e t t a a n d C a s e ( 1 9 7 5 a ) , C a s e ( 1 9 8 7 ) , M e y e r ( 1 9 7 4 ) , a n d i d e n t i fi c a t i o n

g u i d e s b y K e n t ( 1 9 9 4 ) a n d W e l t o n a n d F a r i s h ( 1 9 9 3 ) . A l l s p e c i m e n s w e r e a s s i g n e d

c a t a l o g u e n u m b e r s f r o m t h e S c i e n c e M u s e u m o f M i n n e s o t a ( S M M ) ( S M M P 2 0 0 3 : 8 : 1 -

S M M P 2 0 0 3 : 8 : 2 8 [ W o o d h a w k m a t e r i a l c o l l e c t e d i n 2 0 0 2 b y R R R ] ; S M M P 9 9 : 8 l : 1 -
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S M M P 9 9 : 8 1 : 1 7 [ s c r e e n w a s h e d W o o d h a w k m a t e r i a l c o l l e c t e d b y R R R p r i o r t o 2 0 0 2 ] ;

S M M P 2 0 0 6 : 1 3 2 1 - S M M P 2 0 0 6 : 1 3 : 3 4 [ P o w e r P l a n t F e r r y m a t e r i a l c o l l e c t e d b y t h e a u t h o r

i n 2 0 0 5 a n d 2 0 0 6 ] ; a n d S M M P 2 0 0 6 : 1 5 : l : 1 ( A 1 ) - S M M P 2 0 0 6 : 1 5 : 8 : 4 ( H 4 ) [ e x t a n t

m a t e r i a l f o r t a p h o n o m y e x p e r i m e n t s i n 2 0 0 5 - 2 0 0 6 ] ) . T h e m a t e r i a l w i l l b e r e p o s i t e d a t

t h e S M M a f t e r t h e s t u d y i s c o m p l e t e . S p e c i m e n n u m b e r s w e r e a s s i g n e d i n l o t s , w i t h

r e f e r e n c e d s p e c i m e n s a s s i g n e d s p e c i a l S M M s p e c i m e n n u m b e r s . I l l u s t r a t i o n s o f t h e

s p e c i m e n s w e r e m a d e u t i l i z i n g a I e i c a M 2 8 s t e r e o z o o m b i n o c u l a r m i c r o s c o p e w i t h

c a m e r a l u c i d a a t t a c h m e n t , i n a d d i t i o n t o i m a g e s g e n e r a t e d f r o m a J E O L 6 4 0 0 S E M a t t h e

M S U C e n t e r f o r A d v a n c e d M i c r o s c o p y .

E x p e r i m e n t a l M e t h o d s

T h e t a p h o n o m i c e x p e r i m e n t a l p o r t i o n o f t h i s p r o j e c t w i l l b e d i s c u s s e d i n t h e t a p h o n o m y

s e c t i o n .
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F i g u r e 1 . G e n e r a l v i e w o f C r e t a c e o u s b a d l a n d t o p o g r a p h y ( w i t h t h e M i s s o u r i
R i v e r i n t h e f o r e g r o u n d ) , F e r g u s C o u n t y , M o n t a n a .
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F i g u r e 2 . C a m p a n i a n s e d i m e n t o u t c r o p s i n M o n t a n a , W y o m i n g , A l b e r t a , a n d
S a s k a t c h e w a n . S t a r m a r k s g e n e r a l a r e a o f r e s e a r c h ( m o d i fi e d f r o m S a h n i , 1 9 7 2 ) .
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F i g u r e 3 . S h a r k t e e t h a s o r i g i n a l l y i l l u s t r a t e d b y S t e n o ( m o d i fi e d f r o m S t e n o ,
1 6 6 7 ) .

 

F i g u r e 4 . L o w e r j a w s e c t i o n o f G a l e o c e r d o c u v i e r f r o m A n d r e ’ ( m o d i f i e d
f r o m A n d r é , 1 7 8 4 ) w h e r e A r e p r e s e n t s “ n o r m a l ” t e e t h , B t h e b i s e c t e d t e e t h ,

a n d C t h e s t i n g r a y t a i l s p i n e b i s e c t i n g t h e t e e t h .
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F i g u r e 5 . T o o t h a r r a n g e m e n t s a s i d e n t i fi e d b y S t r a s b u r g ( m o d i fi e d f r o m S t r a s b u r g ,
1 9 6 3 ) : a . n o o v e r l a p ( i n d e p e n d e n t d e n t i t i o n ) , b . a l t e r n a t e o v e r l a p , c . i m b r i c a t e
o v e r l a p , ( 1 . m i x e d a l t e r n a t e o v e r l a p , a n d e . m o d i fi e d i m b r i c a t e o v e r l a p .
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F i g u r e 6 . J a w l i n e o f M o n o g n a t h i c H e t e r o d o n t y a s s e e n i n t h e m o d e r n t i g e r s h a r k
G a l e o c e r d o c u v i e r ( m o d i fi e d f r o m W e l t o n a n d F a r i s h , 1 9 9 3 ) .
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F i g u r e 7 . J a w l i n e O f D i g n a t h i c H e t e r o d o n t y a s s e e n i n t h e m o d e r n s i x g i l l s h a r k
H e x a n c h u s g r i s e u s ( m o d i fi e d f r o m W e l t o n a n d F a r i s h , 1 9 9 3 ) .
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F i g u r e 8 . J a w l i n e s o f O n t o g e n e t i c H e t e r o d o n t y a s s e e n i n t h e m o d e r n h o r n s h a r k

H e t e r o d o n t u s f r a n c i s c a n u s ( m o d i fi e d f r o m W e l t o n a n d F a r i s h , 1 9 9 3 ) .

 

F i g u r e 9 . S e x u a l D e n t a l H e t e r o d o n t y a s s e e n i n t h e g e n u s D a s y a t i s ( m o d i f i e d

f r o m W e l t o n a n d F a r i s h , 1 9 9 3 ) .

3 8



F i g u r e 1 0 . C l u t c h i n g -
t y p e d e n t i t i o n e x h i b i t e d
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( m o d i fi e d f r o m

C a p p e t t a , 1 9 8 7 ) .
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F i g u r e 1 2 a . C u t t i n g - t y p e d e n t i t i o n w h e r e c u t t i n g - e d g e s a r e c o m p l e t e i n S q u a l u s

a c a n t h i a s ( m o d i fi e d f r o m C a p p e t t a , 1 9 8 7 ) .
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G a l e o c e r d o c u v i e r ( f r o m C a p p e t t a , 1 9 8 7 ) .
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c u t t i n g - c l u t c h i n g s u b - t y p e
d e n t i t i o n a s e x h i b i t e d b y
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( m o d i fi e d f r o m C a p p e t t a ,

1 9 8 7 ) .
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F i g u r e 1 3 c . V a r i a t i o n o f c u t t i n g - c l u t c h i n g s u b - t y p e d e n t i t i o n a s e x h i b i t e d b y

P a r a g a l e u s p e c t o r a l i s ( m o d i fi e d f r o m C a p p e t t a , 1 9 8 7 ) .
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F i g u r e 1 4 . C r u s h i n g - t y p e d e n t i t i o n d i s p l a y e d b y R a j a c l a v a t a ( f r o m C a p p e t t a ,
1 9 8 7 ) .

 

F i g u r e 1 5 . G r i n d i n g —
t y p e d e n t i t i o n s h o w n
i n M y l i o b a t i s ( f r o m

C a p p e t t a , 1 9 8 7 ) .

F i g u r e 1 6 . C l u t c h i n g - g r i n d i n g
t y p e d e n t i t i o n i n H e t e r o d o n t u s

( f r o m C a p p e t t a , 1 9 8 7 ) . 
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F i g u r e 1 7 . T o o t h p o s i t i o n t e r m i n o l o g y ( l e f t s i d e o f j a w ) f o r t h e G r e a t W h i t e a n d
s i x g i l l s h a r k s ( m o d i fi e d f r o m P e r r y , 1 9 9 4 ) .
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C a p p e t t a , 1 9 8 7 ) .
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F i g u r e 2 0 . S t a g e s o f r o o t v a s c u l a r i z a t i o n : a . a n a u l a c o r h i z e s t a g e ( S p h e n o d u s s p . ) ,
b . h e m i a u l a c o r h i z e s t a g e ( N e b r i u s ) , c . h o l a u l a c o r h i z e s t a g e ( C h a e n o g a l e u s ) , d .

h o l a u l a c o r h i z e s t a g e ( R a j a ) , a n d e . p o l y a u l a c o r h i z e s t a g e ( I g d a b a t i s ) ( m o d i fi e d

f r o m C a p p e t t a , 1 9 8 7 ) .



 

F i g u r e 2 1 . H i s t o l o g y o f e l a s m o b r a n c h t e e t h : a . o r t h o d o n t t y p e ( C a r c h a r h i n u s )
a n d b . o s t e o d o n t t y p e ( L a m n a ) ( m o d i f i e d f r o m C a p p e t t a , 1 9 8 7 ) .

e
2 2 b .  
2 2 d .

F i g u r e 2 2 . E x a m p l e s o f h o l o c e p h a l i a n t o o t h p l a t e d e n t i t i o n s : a . S q u a l o r a j a
p o l y s p o n d y l a , b . M y r i a c a n t h u s p a r a d o x u s , a n d c . D e l t o p t y c h i u s a r m i g e r u s ( f r o m

P a t t e r s o n , 1 9 6 5 ) ; d . d i a g r a m o f s e c t i o n t h r o u g h t h e l o n g a x i s ( m e s i o d i s t a l ) o f H e l o d u s

t o o t h p l a t e d e p i c t i n g t i s s u e s , r o o t , a n d c r o w n ( m o d i fi e d f r o m S t a h l , 1 9 9 9 ) .
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F i g u r e 2 3 . G e n e r a l i z e d s t r a t i g r a p h i c s e c t i o n o f t h e M o n t a n a G r o u p i n M o n t a n a
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R i v e r F o r m a t i o n r e p r e s e n t s t h e a p p r o x i m a t e p o s i t i o n o f t h e W o o d h a w k
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F i g u r e 2 6 . M a p o f s a m p l i n g l o c a l i t i e s , W o o d h a w k B o n e b e d b e t w e e n
W o o d h a w k C r e e k a n d t h e M i s s o u r i R i v e r , a n d P o w e r P l a n t F e r r y B o n e b e d
a d j a c e n t t o t h e M i s s o u r i R i v e r , F e r g u s C o u n t y , M o n t a n a ( m o d i fi e d f r o m B l o b e t

a l . , 2 0 0 1 ) .
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S y s t e m a t i c a n a l y s i s o f t h e C h o n d r i c h t h y a n f o s s i l s s h o w t h a t t h e m a t e r i a l r e c o v e r e d i s

l a r g e l y c o m p o s e d o f l a m n i f o r m s a n d r a j i f o r m s . O t h e r r e p r e s e n t a t i v e s i n c l u d e : a

h y b o d o n t , a n o r e c t o l o b i f o r r n , a c a r c h a r h i n i f o r m , a m y l i o b a t i f o r m , a n d a c h i m a e r i f o r r n .

A d d i t i o n a l m a t e r i a l ( t e l e o s t a n d c r o c o d y l i f o r r n t e e t h ) i s a l s o b r i e fl y d e s c r i b e d .

S y s t e m a t i c P a l e o n t o l o g y

T h e f o l l o w i n g t a x o n o m i c h i e r a r c h y f o r E l a s m o b r a n c h i i l a r g e l y f o l l o w s C a p p e t t a ( 1 9 8 7 )
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T e l e o s t e i f o l l o w s A r r a t i a ( 1 9 9 9 ) , a n d d e n t a l t e r m i n o l o g i e s u s e d i n t h e d e s c r i p t i o n s b e l o w ,
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( 1 9 6 8 ) , a n d A p p l e g a t e ( 1 9 6 5 ) .

C l a s s C H O N D R I C H T H Y E S H u x l e y , 1 8 8 0
S u b c l a s s E L A S M O B R A N C H H B o n a p a r t e , 1 8 3 8

C o h o r t E U S E L A C H I I H a y , 1 9 0 2

S u p e r f a m i l y H Y B O D O N T O I D E A Z a n g e r l , 1 9 8 1
F a m i l y H Y B O D O N T I D A E O w e n , 1 8 4 6

G e n u s H Y B O D U S A g a s s i z , 1 8 3 7

H Y B O D U S M O N T A N E N S I S C a s e , 1 9 7 8 a

F i g u r e s 2 7 a - c

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l t o o t h , S M M

P 2 0 0 3 : 8 : 6 : ] a n d S M M P 2 0 0 3 : 8 : 6 2 2 . 1 0 t e e t h / p i e c e s .
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D e s c r i p t i o n — C a s e ’ s ( 1 9 7 8 a ) d i a g n o s i s f o r t h i s s p e c i e s s p e c i fi e s t e e t h o f m e d i u m t o

l a r g e s i z e w i t h a r o o t w i d t h r a n g i n g f r o m 5 . 0 m m t o 2 0 . 0 m m , w i t h p l i c a t i o n s a t t h e

e n a m e l o i d b o r d e r a n d u p a l o n g t h e c r o w n . T h e r e i s o n e m a i n c u s p a n d l a t e r a l c u s p l e t s

t h a t a r e o n e t h i r d o f t h e h e i g h t o f t h e m a i n c u s p . N u t r i t i v e p i t s a n d f o r a m i n a c a n b e

o b s e r v e d b e l o w t h e r o o t s h e l f o n s o m e s p e c i m e n s . S p e c i m e n s c o l l e c t e d f r o m t h e W H a r e

a l l p a r t i a l s w i t h m o s t o f t h e m b e i n g f r a g m e n t a r y . T h e b e s t e x a m p l e f r o m t h e W H ( F i g u r e

2 7 a - c ) i s a p p r o x i m a t e l y 1 2 . 5 m m w i d e a n d c o n t a i n s t h e m a i n c u s p a n d h a s t w o c o m p l e t e

l a t e r a l c u s p l e t s a n d o n e p a r t i a l c u s p l e t . T h e r o o t s t r u c t u r e i s a n a u l a c o r h i z o u s w i t h

o s t e o d o n t h i s t o l o g y .

D i s c u s s i o n — V e r y f e w c o m p l e t e s p e c i m e n s a r e k n o w n ; m o s t l a c k r o o t s , a n d / o r t i p s t o

c u s p s . A g e a n d d i s t r i b u t i o n i s f r o m t h e J R F , C a m p a n i a n , U p p e r C r e t a c e o u s M o n t a n a ,

U . S . A . ( C a p p e t t a , 1 9 8 7 ) . A l s o o c c u r s i n t h e T e a p o t S a n d s t o n e M e m b e r , “ M e s a v e r d e “

F o r m a t i o n , U p p e r C a m p a n i a n , W y o m i n g ( C a s e , 1 9 8 7 ) , t h e D i n o s a u r P a r k F o r m a t i o n ,

U p p e r C a m p a n i a n A l b e r t a , C a n a d a ( B e a v a n a n d R u s s e l l , 1 9 9 9 ) , a n d t h e B l a c k C r e e k

F o r m a t i o n , C a m p a n i a n , N o r t h C a r o l i n a ( R o b b , 1 9 8 9 ) . T h e g e n u s H y b o d u s i s f o u n d f r o m

m i d d l e T r i a s s i c t o L a t e C r e t a c e o u s i n N o r t h A m e r i c a , E u r o p e , A s i a , a n d n o r t h a n d w e s t

A f r i c a .

C o h o r t N E O S E L A C H I I C o m p a g n o , 1 9 7 7

O r d e r O R E C T O L O B I F O R M E S A p p l e g a t e , 1 9 7 4

F a m i l y O R E C T O L O B I D A E G i l l , 1 8 9 5
G e n u s C R E T O R E C T O L O B U S C a s e , 1 9 7 8 a

 

a { M e s a v e r d e w h e n r e f e r r e d t o i n W y o m i n g i s p l a c e d w i t h i n q u o t a t i o n m a r k s t o

d i f f e r e n t i a t e i t f r o m t h e t y p e s e c t i o n o f t h e f o r m a t i o n i n s o u t h w e s t e r n C o l o r a d o ( t h e

u s a g e o f t h e t e r m M e s a v e r d e F o r m a t i o n i s u s e d i n c o r r e c t l y i n W y o m i n g ) ( L i l l e g r a v e n

a n d M c K e n n a , 1 9 8 6 ) .
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C R E T O R E C T O L O B U S O L S O N ] C a s e , 1 9 7 8 a
F i g u r e s 2 8 a — g

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l t e e t h , S M M

P 2 0 0 3 : 8 : 1 0 z l , S M M P 2 0 0 3 : 8 : 1 0 : 2 ( g o l d c o a t e d ) , S M M P 2 0 0 3 : 8 : 1 0 : 3 ( g o l d c o a t e d ) ,

S M M P 2 0 0 3 : 8 : 1 0 2 4 , S M M P 2 0 0 3 : 8 : 1 0 : 5 . 6 7 t e e t h . S M M P 9 9 z 8 1 z 3 . 1 3 t e e t h . P o w e r

P l a n t F e r r y B o n e b e d : l o t S M M P 2 0 0 6 : 1 3 : 1 0 . 8 t e e t h .

D e s c r i p t i o n — C a s e ’ s ( 1 9 7 8 a ) d i a g n o s i s f o r t h i s g e n u s a n d s p e c i e s s p e c i fi e s t e e t h o f s m a l l

t o m e d i u m s i z e w i t h a r o o t w i d t h r a n g i n g f r o m 2 . 0 m m t o 8 . 0 m m a n d w i t h a l o w c r o w n

a n d c u s p d i r e c t e d t o w a r d s t h e i n t e r i o r o f t h e j a w , a n d a p p e a r i n g r a t h e r s q u a t i n o i d i n

o v e r a l l s h a p e w i t h a s h o r t b r o a d c u s p t h a t t a p e r s t o a n a r r o w a p e x . L a b i a l fl a n g e s a r e

s h o r t t o l o n g a n d n a r r o w . F o r a m i n a c a n b e p r e s e n t o n t h e l i n g u a l s u r f a c e b e l o w t h e

o v e r h a n g i n g u v u l a . A l s o p r e s e n t i s a p a r t i a l l y o p e n e d f u r r o w ( r o o t s t r u c t u r e i s

h o l a u l a c o r h i z o u s ) o n t h e r e c t a n g u l a r o r t r i a n g u l a r b a s a l s u r f a c e o f t h e t e e t h ( C a s e , 1 9 7 8 a

a n d C a p p e t t a , 1 9 8 7 ) . M o s t o f t h e s p e c i m e n s c o l l e c t e d a r e c o m p l e t e w i t h c u s p , a r e

a p p r o x i m a t e l y 5 . 0 m m w i d e , a n d d o n o t c l e a r l y d e m o n s t r a t e t h e f o r a m i n a . F o r a m i n a m a y

p o s s i b l y b e o b s c u r e d b y m a t r i x t h a t w a s i r r e m o v a b l e . H i s t o l o g y i s o r t h o d o n t .

D i s c u s s i o n — S i v e r s o n ( 1 9 9 5 ) v i s i t e d a n d c o l l e c t e d s p e c i m e n s f r o m C a s e ’ s l o c a l i t i e s i n

M o n t a n a a n d W y o m i n g a n d m a d e t h e c o n c l u s i o n t h a t s o m e o f t h e t e e t h l a b e l l e d

C r e t o r e c t o l o b u s o l s o n i C a s e , 1 9 7 8 a a n d E u c r o s s o r h i n u s m i c r o c u s p i d a t u s C a s e , 1 9 7 8 a

r e p r e s e n t j u v e n i l e a n d a d u l t f o r m s o f o n e s p e c i e s . H e h a s a l s o e r e c t e d a n e w g e n u s ,

C e d e r s t r o e m i a w i t h t w o n e w s p e c i e s , C . n i l s i a n d C . t r i a n g u l a t a b a s e d o n t h e s p e c i m e n s

h e c o l l e c t e d . I t i s S i v e r s o n ’ s c o n t e n t i o n t h a t t h e t e e t h c o l l e c t e d b y C a s e w e r e a m i x t u r e

o f C r e t o r e c t o l o b u s a n d C e d e r s t r o e m i a . H o w e v e r , t h e t e e t h a r e s o s i m i l a r t h a t t h e

p o s s i b i l i t y e x i s t s t h a t t h e s e t e e t h r e p r e s e n t n o r m a l v a r i a t i o n i n a s i n g l e s p e c i e s .
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A g e a n d d i s t r i b u t i o n i s f r o m t h e J R F , C a m p a n i a n , U p p e r C r e t a c e o u s M o n t a n a , U . S . A .

( C a p p e t t a , 1 9 8 7 ) t o t h e K e m p F o r m a t i o n , U p p e r M a a s t r i c h t i a n T e x a s ( C a s e a n d C a p p e t t a ,

1 9 9 7 ) . O c c u r s a l s o i n t h e T e a p o t S a n d s t o n e M e m b e r , “ M e s a v e r d e ” F o r m a t i o n , U p p e r

C a m p a n i a n , W y o m i n g ( C a s e , 1 9 8 7 ) , t h e D i n o s a u r P a r k F o r m a t i o n , U p p e r C a m p a n i a n

A l b e r t a , C a n a d a ( B e a v a n a n d R u s s e l l , 1 9 9 9 ) , a n d t h e A l b i a n o f F r a n c e ( B i d d l e , 1 9 9 3 ) .

O r d e r L A M N I F O R M E S B e r g , 1 9 5 8
F a m i l y A N A C O R A C I D A E C a s i e r , 1 9 4 7 b
G e n u s S Q U A L I C O R A X W h i t l e y , 1 9 3 9

S Q U A L I C O R A X K A U P I A g a s s i z , 1 8 4 3
F i g u r e s 2 9 a - f

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : i n d i v i d u a l t e e t h , S M M
P 2 0 0 3 : 8 : 1 : 1 , S M M P 2 0 0 3 : 8 : 1 : 2 , a n d S M M P 2 0 0 3 : 8 : 1 2 3 . 3 l a t e r a l t e e t h . P o w e r P l a n t

F e r r y B o n e b e d : i n d i v i d u a l t o o t h , S M M P 2 0 0 6 : 1 3 : 1 . 1 l a t e r a l t o o t h .

D e s c r i p t i o n — T e e t h o f S q u a l i c o r a x k a u p i h a v e b e e n d e s c r i b e d b y B i l e l o ( 1 9 6 9 ) , H e r m a n

( 1 9 7 7 ) , a n d C a s e ( 1 9 8 7 ) . D i a g n o s t i c f e a t u r e s o f S . k a u p i a c c o r d i n g t o B i l e l o a r e : l a r g e

t e e t h t h a t r a n g e f r o m 3 . 5 m m t o 1 5 m m i n w i d t h , 4 . 5 m m t o 1 5 m m i n h e i g h t ; t h e y a r e

t h i c k - r o o t e d w i t h a n u p p e r a n t e r i o r e d g e i n fl e c t e d s i n u o u s l y t o w a r d t h e s h a r p a p e x . T h e

l o w e r a n t e r i o r e d g e i s s t r a i g h t o r i n c l i n e s i n w a r d t o f o r m a m o d e r a t e l y a n g u l a r h u m p a t

m i d h e i g h t ( a c r e s c e n t i c s h a p e ) . T h e c u t t i n g e d g e s d i s p l a y s t r o n g s e r r a t i o n s . T h e l i n g u a l

s u r f a c e i s c o n v e x w i t h t h e l a b i a l s u r f a c e fl a t t o c o n c a v e . S . k a u p i d i f f e r s f r o m S . f a l c a t u s

b y t h e a n g u l a r h u m p l o c a t e d i n t h e m i d d l e o f i t s a n t e r i o r e d g e ( E v e t t s , 1 9 7 9 ) . T h e

s p e c i m e n s f o u n d a r e a p p r o x i m a t e l y 1 0 . 0 m m w i d e a n d t y p i f y S . k a u p i i n e v e r y o t h e r

w a y . T h e t e e t h a r e i n p r i s t i n e o r n e a r p r i s t i n e c o n d i t i o n . T h e s e m a y b e l a t e r a l t e e t h f r o m
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e i t h e r t h e l e f t s i d e o f t h e l o w e r j a w o r t h e r i g h t s i d e o f t h e u p p e r j a w . T h e r o o t s t r u c t u r e i s

a n a u l a c o r h i z o u s w i t h o s t e o d o n t h i s t o l o g y .

D i s c u s s i o n — B e c a u s e o f t h e i r s i m i l a r s i z e a n d s h a p e S . k a u p i h a s b e e n m i s t a k e n f o r o t h e r

s p e c i e s o f S q u a l i c o r a x , n a m e l y S . f a l c a t u s . B i l e l o ( 1 9 6 9 ) s o u g h t t o d i f f e r e n t i a t e b e t w e e n

c o m m o n s p e c i e s o f S q u a l i c o r a x u s i n g t h o s e d i a g n o s t i c f e a t u r e s u t i l i z e d h e r e . I t h a s b e e n

p o s t u l a t e d t h a t S . k a u p i d e s c e n d e d f r o m S . f a l c a t u s , h e n c e t h e v e r y s i m i l a r d e n t i t i o n

b e t w e e n t h e t w o . S . k a u p i i s f o u n d f r o m C o n i a c i a n t o C a m p a n i a n o f N o r t h A m e r i c a ;

L a t e C r e t a c e o u s o f E u r o p e , J a p a n , a n d N e w Z e a l a n d ( C a p p e t t a , 1 9 8 7 ) , t h e M a a s t r i c h t i a n

o f M a d a g a s c a r ( G o t t f r i e d e t a l . , 2 0 0 1 ) , a n d t h e S a n t o n i a n t o M a a s t r i c h t i a n o f A n g o l a

( A n t u n e s a n d C a p p e t t a , 2 0 0 2 ) .

S Q U A L I C O R A X s p . , c f . S . K A U P I A g a s s i z , 1 8 4 3
F i g u r e s 3 0 a - d

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : i n d i v i d u a l t o o t h , S M M

P 2 0 0 3 : 8 : 2 . l a n t e r o - l a t e r a l t o o t h . P o w e r P l a n t F e r r y B o n e b e d : i n d i v i d u a l t o o t h , S M M

P 2 0 0 6 : 1 3 : 2 . l a n t e r o - l a t e r a l t o o t h .

D e s c r i p t i o n - — T h e s e s p e c i m e n s m a y b e S q u a l i c o r a x k a u p i , u n f o r t u n a t e l y t h e r e a r e n o t

e n o u g h f e a t u r e s t o g i v e a m o r e d e fi n i t i v e d e s i g n a t i o n b e y o n d t h e g e n u s l e v e l . T h e s e

s p e c i m e n s a r e a p p r o x i m a t e l y 2 . 0 m m w i d e a n d a r e p r e s u m e d t o b e e i t h e r u n d e r d e v e l o p e d

t e e t h o r p o s s i b l y v e r y p o s t e r i o r t e e t h i n t h e j a w l i n e .
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D i s c u s s i o n — B e c a u s e d i a g n o s t i c f e a t u r e s a r e l a c k i n g o n t h e s e s p e c i m e n s i d e n t i fi c a t i o n i s

u n c e r t a i n . H o w e v e r , t h e y s t r o n g l y r e s e m b l e t h e a f o r e m e n t i o n e d s p e c i m e n s a n d a r e

t e n t a t i v e l y r e f e r r e d t o a s S . k a u p i .

S Q U A L I C O R A X P R I S T O D O N T U S A g a s s i z , 1 8 4 3
F i g u r e s 3 1 a - d

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , P o w e r P l a n t F e r r y B o n e b e d : l o t a n d i n d i v i d u a l t e e t h ,
S M M P 2 0 0 6 : 1 3 : 3 : l , S M M P 2 0 0 6 : 1 3 : 3 : 2 , a n d S M M P 2 0 0 6 : 1 3 : 3 : 3 . 4 l a t e r a l o r a n t e r i o r

t e e t h .

D e s c r i p t i o n — T e e t h o f S q u a l i c o r a x p r i s t o d o n t u s h a v e a w i d e s i z e r a n g e b u t c a n b e u p t o

3 0 . 0 m m h i g h . T e e t h c o l l e c t e d f r o m P P F a r e r a t h e r d i m i n u t i v e < 1 0 . 0 m m t a l l . T e e t h o f

t h i s t a x o n h a v e a t r i a n g u l a r c r o w n a n d s t r o n g s e r r a t i o n s a l o n g t h e c u t t i n g e d g e s ( C a p p e t t a

1 9 8 7 ) . I n t h e i r 1 9 7 5 s t u d y , C a p p e t t a a n d C a s e g a v e a m o r e q u a n t i t a t i v e d i a g n o s i s f o r t h i s

s p e c i e s , w i t h t h e s y m p h y s e a l t e e t h t a l l e r t h a n t h e y a r e w i d e a n d d i s p l a y i n g 5 0 d e n t i c l e s

( t h e s e r r a t i o n s ) t h a t p o i n t t o t h e s y m p h y s i s . T h e y a l s o l a c k a d i s t i n c t h e e l a n d h a v e a

h i g h , fl a t r o o t t h a t i s c o n v e x o n t h e l i n g u a l s i d e a n d fl a t o n t h e l a b i a l s i d e ( C a p p e t t a a n d

C a s e , 1 9 7 5 a ) . L a t e r a l t e e t h a r e w i d e r t h a n t a l l , h a v e a p p r o x i m a t e l y 6 0 d e n t i c l e s

( s e r r a t i o n s ) o n t h e m e s i a l c u t t i n g s u r f a c e , a n d h a v e a m o r e p r o n o u n c e d h e e l o f t h e c r o w n

a n d r o o t ( w h e r e t h e r o o t h a s b e c o m e a s y m m e t r i c a l ) o n t h e d i s t a l s i d e o f t h e t o o t h

( C a p p e t t a a n d C a s e , 1 9 7 5 a ) . C a s e a n d C a p p e t t a ( 1 9 9 7 ) s t a t e t h a t S . p r i s t o d o n t u s c o u l d

g r o w t o t w i c e t h e s i z e o f S . k a u p i , h o w e v e r t h e S . p r i s t o d o n t u s s a m p l e s c o l l e c t e d i n t h i s

s t u d y a r e a l l a p p r o x i m a t e l y t h e s a m e s i z e a s t h o s e o f S . k a u p i . T h e t e e t h l a c k a l i n g u a l

g r o o v e b u t t h e r e a r e m a n y f o r a m i n a p r e s e n t i n t h e l a b i a l f a c e o f t h e r o o t ( C a p p e t t a ,

1 9 8 7 ) . T h e r o o t s t r u c t u r e i s a n a u l a c o r h i z o u s w i t h o s t e o d o n t h i s t o l o g y .
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D i s c u s s i o n — T h i s g e n u s i s w i d e s p r e a d , b o t h i n s p a c e a n d t i m e , w i t h S . p r i s t o d o n t u s ( t h e

t y p e s p e c i e s , f r o m t h e U p p e r C r e t a c e o u s , M a a s t r i c h t , H o l l a n d ) f o u n d f r o m t h e

C a m p a n i a n t o M a a s t r i c h t i a n , U p p e r C r e t a c e o u s ( C a p p e t t a , 1 9 8 7 ) . E a r l i e r w o r k s

( G l i k m a n , 1 9 5 6 ) h a v e p r o p o s e d a l i n e a g e f o r S q u a l i c o r a x , w i t h S . f a l c a t u s g i v i n g r i s e t o

S . k a u p i g i v i n g r i s e t o S . p r i s t o d o n t u s ( w i t h a n o v e r a l l i n c r e a s e i n s i z e , a n i n c r e a s i n g l y

b l u n t a p i c a l a n g l e , a n d a s m a l l e r h e e l [ C a p p e t t a , 1 9 8 7 ] ) . H o w e v e r , t h i s h y p o t h e s i z e d

l i n e a g e i s b a s e d m o r e o n s t r a t i g r a p h i c d i s t r i b u t i o n t h e n o n t h e m o r p h o l o g y , a s t h e

c h a n g e s a r e g r a d u a l ( C a p p e t t a 1 9 8 7 ) . T h i s m a k e s i t d i f fi c u l t t o e r e c t g e n e r i c a n d s p e c i e s

b o u n d a r i e s . S . p r i s t o d o n t u s h a s p r e v i o u s l y b e e n d o c u m e n t e d f r o m t h e U p p e r

M a a s t r i c h t i a n o f M o r o c c o ( A r a m b o u r g , 1 9 5 2 ) , t h e M a a s t r i c h t i a n o f T e x a s ( C a s e a n d

C a p p e t t a , 1 9 9 7 ) , t h e S a n t o n i a n t o M a a s t r i c h t i a n o f A n g o l a ( A n t u n e s a n d C a p p e t t a , 2 0 0 2 ) ,

a n d f r o m t h e C a m p a n i a n t o M a a s t r i c h t i a n o f N e w J e r s e y ( C a p p e t t a a n d C a s e , 1 9 7 5 a ) a n d

n o w t h e J R F , C a m p a n i a n , U p p e r C r e t a c e o u s M o n t a n a .

F a m i l y O D O N T A S P I D I D A E M i i l l e r a n d H e n l e , 1 8 3 9
G e n u s H Y P O T O D U S J a e k e l , 1 8 9 5
H Y P O T O D U S G R A N D I S C a s e , 1 9 7 8 a

F i g u r e s 3 2 a — f a n d 3 3 a — e

M a t e r i a l - J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l t e e t h , S M M

P 2 0 0 3 : 8 : 3 z l , S M M P 2 0 0 3 : 8 : 3 : 2 ( g o l d c o a t e d ) , S M M P 2 0 0 3 : 8 : 3 : 3 ( g o l d c o a t e d ) , a n d
S M M P 2 0 0 3 : 8 : 3 : 4 - 7 ( g o l d c o a t e d ) . 7 t e e t h . L o t S M M P 9 9 : 8 1 : 1 . 1 0 t e e t h . P o w e r P l a n t

F e r r y B o n e b e d : l o t a n d i n d i v i d u a l t o o t h , S M M P 2 0 0 6 : 1 3 : 4 : ] a n d S M M P 2 0 0 6 : 1 3 z 4 z 2 ( 2 2

t e e t h ) .

D e s c r i p t i o n - L a r g e t e e t h a r e a n i m p o r t a n t d i a g n o s t i c f e a t u r e f o r t h i s s p e c i e s ( C a s e ,

1 9 7 8 a ) . T h e r e i s o n e p r o m i n e n t c u s p a n d 2 t o 3 l a t e r a l c u s p l e t s o n e i t h e r s i d e t h a t a r e

s i g m o i d a l a n d e l o n g a t e . P l i c a t i o n s a r e p r e s e n t a t t h e b a s e o f t h e c r o w n w h e r e i t m e e t s t h e
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r o o t . A l s o p r e s e n t i s a n u t r i t i v e g r o o v e o n t h e l i n g u a l s u r f a c e o f t h e r o o t ( r o o t s t r u c t u r e i s

h o l a u l a c o r h i z o u s a n d o s t e o d o n t h i s t o l o g y ) . M o s t t e e t h c o l l e c t e d a r e j u s t u n d e r 5 . 0 m m i n

w i d t h , a n d a l l e x h i b i t 2 o r 3 l a t e r a l c u s p l e t s o n e i t h e r s i d e o f t h e m a i n c u s p a s w e l l a s a

n u t r i t i v e g r o o v e .

D i s c u s s i o n — H . g r a n d i s i s v e r y s i m i l a r t o H . a c u l e a t u s f r o m t h e U p p e r C r e t a c e o u s o f

N e w J e r s e y ( C a p p e t t a a n d C a s e 1 9 7 5 3 ) . T h e s i m i l a r i t y b e t w e e n t h e t w o s p e c i e s i s s o

s t r o n g t h a t i t i s p o s s i b l e t h a t t h e y m a y r e p r e s e n t t h e s a m e t a x o n . T h e c h a r a c t e r i s t i c s t h a t

C a s e ( 1 9 7 8 a ) u s e s t o d i f f e r e n t i a t e t h e m a r e g e o g r a p h i c l o c a t i o n ( N e w J e r s e y v e r s u s

M o n t a n a ) , t h e d i f f e r e n c e i n s i z e ( H . g r a n d i s t e e t h a r e a p p r o x i m a t e l y t w i c e t h e s i z e o f

t h o s e o f H . a c u l e a t u s ) a n d h i s o b s e r v a t i o n t h a t t h e r e i s “ . . . a n e v e r s o s l i g h t d i f f e r e n t [ s i c ]

i n t h e l a t e r a l c u s p s h a p e ” ( C a s e , 1 9 7 8 a : 1 9 0 ) . T h e d i f f e r e n c e , i f i t e x i s t s , i s s u b t l e , a n d

m a y r e p r e s e n t n o r m a l v a r i a t i o n i n a s p e c i e s . A t t h i s t i m e , t h e t e e t h w i l l b e t r e a t e d a s t w o

d i s t i n c t s p e c i e s o f H y p o t o d u s , w i t h t h e t e e t h f r o m t h e J R F o f M o n t a n a r e p r e s e n t i n g H .

g r a n d i s . C u r r e n t a g e a n d d i s t r i b u t i o n i s t h e J R F , C a m p a n i a n , U p p e r C r e t a c e o u s

M o n t a n a , U . S . A . O c c u r s a l s o i n t h e T e a p o t S a n d s t o n e M e m b e r , “ M e s a v e r d e ” F o r m a t i o n ,

U p p e r C a m p a n i a n , W y o m i n g ( C a s e , 1 9 8 7 ) . N o o t h e r o c c u r r e n c e s a r e k n o w n a t t h i s t i m e .

H Y P O T O D U S s p .
F i g u r e s 3 4 a - b

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l t e e t h , S M M

P 2 0 0 3 : 8 : 4 : 1 , S M M P 2 0 0 3 : 8 : 4 z 2 - 4 , S M M P 2 0 0 3 : 8 : 4 z 5 , a n d S M M P 2 0 0 3 : 8 : 4 : 6 . 2 7 t e e t h .

P o w e r P l a n t F e r r y B o n e b e d : l o t , S M M P 2 0 0 6 : 1 3 : 5 . 6 t e e t h .

D e s c r i p t i o n — T e e t h r e s e m b l e H . g r a n d i s a n d H . a c u l e a t u s a l t h o u g h t h e s i z e s v a r y

c o n s i d e r a b l y . T h e t e e t h a r e a p p r o x i m a t e l y 5 . 0 m m w i d e b u t t h e s p r e a d o f t h e c u s p l e t s i s

5 7



n o t a s w i d e a s t h a t s e e n i n H . g r a n d i s a n d H . a c u l e a t u s . T h e c u s p a n d c u s p l e t s a r e a l s o

m o r e e l o n g a t e t h a n i s s e e n i n t h e a f o r e m e n t i o n e d s p e c i e s . O t h e r t h a n t h o s e d i f f e r e n c e s ,

t h e r e s t o f t h e c h a r a c t e r s a r e c o n s i s t e n t w i t h t h e c h a r a c t e r s o f H y p o t o d u s , o n e p r o m i n e n t

c u s p a n d 2 t o 3 l a t e r a l c u s p l e t s o n e i t h e r s i d e t h a t a r e s i g m o i d a l a n d e l o n g a t e . P l i c a t i o n s

a r e p r e s e n t a t t h e b a s e o f t h e c r o w n , a n d a n u t r i t i v e g r o o v e o n t h e l i n g u a l s u r f a c e o f t h e

r o o t ( r o o t s t r u c t u r e i s h o l a u l a c o r h i z o u s a n d o s t e o d o n t h i s t o l o g y ) .

D i s c u s s i o n - — S o m e o f t h e s e t e e t h m a y r e p r e s e n t a d d i t i o n a l v a r i a t i o n a m o n g H . g r a n d i s o r

H . a c u l e a t u s o r t h e y m a y b e a d i f f e r e n t s p e c i e s . P o s i t i v e i d e n t i fi c a t i o n h a s b e e n d i f fi c u l t

d u e t o i n c o m p l e t e s p e c i m e n s .

H Y P O T O D U S s p .
F i g u r e s 3 4 c - d

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l t e e t h , S M M
P 2 0 0 3 : 8 : 5 : 1 , S M M P 2 0 0 3 : 8 : 5 2 2 , S M M P 2 0 0 3 : 8 : 5 : 3 , a n d S M M 2 0 0 3 : 8 : 5 : 4 . 3 6 t e e t h .
P o w e r P l a n t F e r r y B o n e b e d : l o t S M M P 2 0 0 6 : 1 3 : 6 . 1 3 t e e t h .

D e s c r i p t i o n — T e e t h d i f f e r f r o m t h e a f o r e m e n t i o n e d l o t , t h e c u s p a n d c u s p l e t s a r e s h o r t e r .

T h e y r e s e m b l e H . g r a n d i s o r H . a c u l e a t u s a n d c o n f o r m t o a l l o f t h e o v e r a l l d e s c r i p t i o n s

o f t e e t h b e l o n g i n g t o t h e O d o n t a s p i d i d a e i f n o t t o t h e g e n u s H y p o t o d u s . T h e y a r e u n d e r

5 . 0 m m w i d e a n d t h e s p r e a d o r s p a n o f t h e c u s p l e t s i s w i d e . T h e c u s p a n d c u s p l e t s a r e

s h o r t e r , w i t h 2 t o 3 l a t e r a l c u s p l e t s o n e i t h e r s i d e t h a t a r e s i g m o i d a l . P l i c a t i o n s a r e

p r e s e n t a t t h e b a s e o f t h e c r o w n , a n d s o m e t e e t h h a v e a n u t r i t i v e g r o o v e o n t h e l i n g u a l

s u r f a c e o f t h e r o o t ( r o o t s t r u c t u r e i s h o l a u l a c o r h i z o u s , h i s t o l o g y o s t e o d o n t ) .
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D i s c u s s i o n — T h e s e t e e t h m a y r e p r e s e n t a n o t h e r s p e c i e s o f H y p o t o d u s o r t e e t h f r o m t h e

O d o n t a s p i d i d a e t h a t b e l o n g t o a n o t h e r g e n u s .

F a m i l y C R E T O X Y R H I N I D A E s e n s u l a t o G l i k m a n , 1 9 5 8
G e n u s A R C H A E O L A M N A S i v e r s o n , 1 9 9 2

A R C H A E O L A M N A K O P I N G E N S I S ( D a v i s , 1 8 9 0 )
F i g u r e s 3 S a - f , 3 6 a — f , 3 7 a — f , a n d 3 8 a - d

M a t e r i a l - J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l t e e t h , S M M

P 2 0 0 3 : 8 : 7 : ] , S M M P 2 0 0 3 : 8 : 7 1 2 , S M M P 2 0 0 3 : 8 : 7 z 3 , S M M P 2 0 0 3 : 8 : 7 z 4 , S M M
P 2 0 0 3 : 8 : 7 z 5 , S M M P 2 0 0 3 : 8 : 7 z 6 , S M M P 2 0 0 3 : 8 : 7 z 7 , S M M P 2 0 0 3 : 8 : 7 : 8 , S M M
P 2 0 0 3 : 8 : 7 z 9 , S M M P 2 0 0 3 : 8 : 7 : 1 0 , S M M P 2 0 0 3 : 8 : 7 : 1 1 , S M M P 2 0 0 3 : 8 : 7 : 1 2 , S M M
P 2 0 0 3 : 8 : 7 : 1 3 , S M M P 2 0 0 3 : 8 : 7 : 1 4 , S M M P 2 0 0 3 : 8 : 7 : 1 5 , S M M P 2 0 0 3 : 8 : 7 : 1 6 , a n d S M M
P 2 0 0 3 : 8 : 7 : 1 7 . 6 3 t e e t h . S M M P 9 9 : 8 l : 2 . 1 4 t e e t h . P o w e r P l a n t F e r r y B o n e b e d : l o t a n d
i n d i v i d u a l t e e t h , S M M P 2 0 0 6 : 1 3 : 7 : 1 , S M M P 2 0 0 6 : 1 3 : 7 : 2 , S M M P 2 0 0 6 : 1 3 : 7 : 3 , a n d

S M M P 2 0 0 6 : 1 3 : 7 : 4 . 4 5 t e e t h .

D e s c r i p t i o n — T h e t e e t h a r e l a r g e , w i t h a h e i g h t o f a p p r o x i m a t e l y 2 0 . 0 m m , a w i d t h o f

1 0 . 0 m m ( m a x i m u m s i z e f o r t h e a n t e r i o r t e e t h ) , a n d a n o v e r a l l t r i a n g u l a r s h a p e . O n e p a i r

o f l a t e r a l c u s p l e t s i s p r e s e n t o n a l l t e e t h , s t r a i g h t a n d e r e c t o n a n t e r i o r t e e t h a n d m o r e

fl a r e d o n l a t e r a l a n d p o s t e r i o r t e e t h . T h e r o o t s a r e t h i c k o v e r a l l a n d t h i c k e s t a t t h e l i n g u a l

p r o t u b e r a n c e ( r o o t s t r u c t u r e i s h o l a u l a c o r h i z o u s , h i s t o l o g y o s t e o d o n t ) . P l i c a t i o n s a r e

p r e s e n t a l o n g t h e b a s e o f t h e c r o w n o n t h e l a b i a l s u r f a c e o f t h e t o o t h . M i n u t e n u t r i t i v e

f o r a m i n a c a n s o m e t i m e s b e o b s e r v e d o n t h e r o o t s .

D i s c u s s i o n - — A r c h a e o l a m n a k o p i n g e n s i s w a s o r i g i n a l l y n a m e d L a m n a a r c u a t a b y

W o o d w a r d ( 1 8 9 4 ) a n d w a s l a t e r p l a c e d i n t h e g e n u s P l i c a t o l a m n a b y H e r m a n ( 1 9 7 7 ) .

H o w e v e r , w h e n p l a c e d i n t h e g e n u s P l i c a t o l a m n a , H e r m a n c i t e d O d o n t a s p i s k o p i n g e n s i s

D a v i s , 1 8 9 0 a n d q u e s t i o n e d t h e v a l i d i t y o f W o o d w a r d ’ s i d e n t i fi c a t i o n o f L a m n a a r c u a t a .

T h i s w a s n o t e x p l o r e d a g a i n u n t i l S i v e r s o n ( 1 9 9 2 ) . B a s e d o n h i s r e s e a r c h , S i v e r s o n
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( 1 9 9 2 ) n o w p l a c e s t h i s t a x o n i n a n e w g e n u s h e c r e a t e d , A r c h a e o l a m n a , h a v i n g

d i s c o v e r e d t h a t t h e p r e v i o u s n a m e , O d o n t a s p i s k o p i n g e n s i s D a v i s , 1 8 9 0 w a s a t t r i b u t e d t o

t h i s s p e c i e s , f o u r y e a r s p r i o r t o W o o d w a r d ( 1 8 9 4 ) . U n d e r t h e r u l e s o f I n t e r n a t i o n a l C o d e

o f Z o o l o g i c a l N o m e n c l a t u r e ( I C Z N ) t h e s p e c i e s n a m e h a s r e v e r t e d b a c k t o k o p i n g e n s i s

u n d e r t h e n e w g e n u s A r c h a e o l a m n a ( I C Z N , a r t i c l e 7 9 C [ 2 ] ) . H e r e a f t e r , a l l r e f e r e n c e s t o

P l i c a t o l a m n a a r c u a t a a n d / o r t o A . k o p i n g e n s i s i n a l l s o u r c e s c i t e d a n d t h i s c u r r e n t w o r k

a r e o n e a n d t h e s a m e . A d d i t i o n a l l y , w h i l e S i v e r s o n ( 1 9 9 2 ) h a s p r o p o s e d t h a t t w o

s u b s p e c i e s o f A . k o p i n g e n s i s e x i s t , A . k . k o p i n g e n s i s a n d A . k . j u d i t h e n s i s , t h e s e n a m e s

a r e n o t c o n s i d e r e d h e r e .

T h e t e e t h a r e f o u n d i n m o s t U p p e r C r e t a c e o u s ( S a n t o n i a n t o M a a s t r i c h t i a n ) d e p o s i t s i n

t h e U S A . a n d i n E u r o p e ( C a s e , 1 9 7 8 a ) a n d w i t h C e n o m a n i a n t o T u r o n i a n o c c u r r e n c e s i n

A u s t r a l i a ( S i v e r s o n , 1 9 9 6 a n d K e m p , 1 9 9 1 ) .

A d d i t i o n a l n o t e s - M a n y o f t h e t e e t h o f A . k o p i n g e n s i s a r e i n n e a r p r i s t i n e c o n d i t i o n ,

o t h e r s a r e l e s s p r i s t i n e , a n d o t h e r s s t i l l b r o k e n a n d / o r w o r n . S o m e t e e t h h a v e s o m e

d i s c o l o r a t i o n o f t h e e n a m e l i n s t r i a t e p a t t e r n s ( a s s u m i n g t h a t t h e c r o w n s o f e x t i n c t

e l a s m o b r a n c h s w e r e o r i g i n a l l y w h i t e t o g r a y i n c o l o r a n d w i t h t h e p a s s a g e o f t i m e t a k e o n

d i f f e r e n t c o l o r s d u e t o d i f f e r e n t i a l d i a g e n e s i s i n d i f f e r e n t s e d i m e n t s ) . T h e s t r i a t e p a t t e r n s

p r e s u m a b l y s h o w t h e o r i g i n a l c o l o r o f t h e e n a m e l w i t h t h e r e s t o f t h e t o o t h u s u a l l y a d a r k

b r o w n i n c o l o r . T h e s e o b s e r v a t i o n s p o s e d q u e s t i o n s r e g a r d i n g t h e e n a m e l a n d o v e r a l l

p r e s e r v a t i o n o f t h e t e e t h t h a t w i l l b e a d d r e s s e d i n t h e t a p h o m o n y s e c t i o n .
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G e n u s C R E T O L A M N A G l i k m a n , 1 9 5 8
C R E T O I A M N A A P P E N D I C U L A T A A g a s s i z , 1 8 4 3

F i g u r e s 3 9 a - d

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l t e e t h , S M M

P 2 0 0 3 : 8 : 9 z l , S M M P 2 0 0 3 : 8 : 9 2 2 , a n d S M M P 2 0 0 3 : 8 : 9 z 3 . 9 t e e t h . P o w e r P l a n t F e r r y

B o n e b e d : i n d i v i d u a l t e e t h , S M M P 2 0 0 6 : 1 3 : 9 : 1 a n d S M M P 2 0 0 6 : 1 3 : 9 : 2 . 2 t e e t h .

D e s c r i p t i o n — — T e e t h o f t h i s s p e c i e s h a v e b e e n d e s c r i b e d i n d e t a i l b y C a p p e t t a a n d C a s e

( 1 9 7 5 a ) a n d W i l l i a m s o n e t a l . ( 1 9 9 3 ) . T e e t h h a v e t r i a n g u l a r c u s p s w i t h b r o a d b a s e s a n d

l a t e r a l c u s p l e t s ( o n e t o t h r e e p a i r s ) o n e i t h e r s i d e . T h e y a r e o f m e d i u m s i z e a n d c a n b e a s

t a l l a s 3 0 . 0 m m , h a v e a s m o o t h e n a m e l o i d c r o w n , a n d a t h i c k r e c t a n g u l a r s h a p e d r o o t

l a c k i n g n u t r i t i v e g r o o v e a n d f o r a m i n a ( r o o t s t r u c t u r e i s h o l a u l a c o r h i z o u s w i t h s e c o n d a r y

l o s s o f t h e n u t r i t i v e g r o o v e , h i s t o l o g y o s t e o d o n t ) . T h e t e e t h i n t h i s s t u d y a r e

a p p r o x i m a t e l y 1 5 . 0 m m t a l l a n d 1 5 . 0 m m w i d e , w i t h 1 p a i r o f l a t e r a l c u s p l e t s , a n d fi t a l l

d i a g n o s t i c f e a t u r e s a t t r i b u t e d t o t h i s t a x o n .

D i s c u s s i o n — A n e w r e c o r d f o r t h e J R F f a u n a , t h e s p e c i e s i s c o s m o p o l i t a n a n d k n o w n

f r o m t h e A l b i a n t o Y p r e s i a n i n E u r o p e , A l b i a n t h r o u g h M a a s t r i c h t i a n i n N o r t h A m e r i c a

( C a p p e t t a , 1 9 8 7 ) , t h e C r e t a c e o u s o f J a p a n ( R e s e a r c h G r o u p f o r M e s o z o i c F o s s i l S h a r k s ,

1 9 7 7 ) a n d t h e C r e t a c e o u s o f A u s t r a l i a ( K e m p , 1 9 9 1 a n d S i v e r s o n , 1 9 9 6 ) .

G e n u s P R O T O L A M N A C a p p e t t a , 1 9 8 0 a
P R O T O L A M N A S O K O L O V I C a p p e t t a , 1 9 8 0 a ( = A R C H A E O L A M N A K O P I N G E N S I S

J U D I T H E N S I S o f S i v e r s o n , 1 9 9 2 )
F i g u r e s 4 0 a - f a n d 4 1 a - d

1 9 8 0 a P r o t o l a m n a s o k o l o v i C a p p e t t a , p a g e s 3 2 - 3 4 , fi g u r e 2
1 9 8 7 P r o t o l a m n a s o k o l o v i C a p p e t t a , p a g e s 1 0 2 - 1 0 3 , fi g u r e 9 0
1 9 9 2 A r c h a e o l a m n a k o p i n g e n s i s k o p i n g e n s i s S i v e r s o n , p a g e s 5 3 1 - 5 3 3 , p l a t e 2 , f i g u r e s 3 -

4
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1 9 9 2 A r c h a e o l a m n a k o p i n g e n s i s j u d i t h e n s i s S i v e r s o n , p a g e s 5 3 4 , p l a t e 2 , fi g u r e s 1 . 6 - 1 8

1 9 9 3 P r o t o l a m n a a f f . s o k o l o v i W e l t o n a n d F a r i s h , p a g e s 1 1 0 - 1 1 1 , fi g u r e s 1 - 9

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l t e e t h , S M M

P 2 0 0 3 : 8 : 8 : ] , S M M P 2 0 0 3 : 8 : 8 z 2 , S M M P 2 0 0 3 : 8 : 8 : 3 ( g o l d c o a t e d ) , a n d S M M

P 2 0 0 3 : 8 : 8 z 4 . 8 i n t e r m e d i a t e ( ? ) t e e t h . P o w e r P l a n t F e r r y B o n e b e d : i n d i v i d u a l t e e t h ,
S M M P 2 0 0 6 : 1 3 : 8 : l a n d S M M P 2 0 0 6 : 1 3 : 8 : 2 . 2 t e e t h .

D e s c r i p t i o n — T h e t e e t h i n t h i s s t u d y a r e b e l i e v e d t o b e i n t e r m e d i a t e t e e t h d u e t o t h e i r

s m a l l s i z e ( m a x i m u m h e i g h t i s 1 0 . 0 m m s e e n o n o n e s p e c i m e n , a l l o t h e r s a r e 5 . 0 m m t a l l

o r s h o r t e r ) , w i t h t a l l c u s p s , a n d a “ k i n k e d ” a p p e a r a n c e t o t h e c u s p s . T h i s s p e c i e s w a s

fi r s t d e s c r i b e d b y C a p p e t t a ( 1 9 8 0 a ) f r o m t h e U p p e r A p t i a n o f s o u t h e r n F r a n c e . T h e t e e t h

h a v e a p r o p o r t i o n a l l y l a r g e r o o t a n d s m a l l b r o a d - b a s e d s t r a i g h t c r o w n ( a n t e r i o r t e e t h ) .

A d d i t i o n a l l y , t h e r o o t a n d t h e c r o w n a r e a p p r o x i m a t e l y e q u a l i n h e i g h t . O v e r a l l t o o t h

s i z e c a n b e u p t o 2 0 . 0 m m t a l l . P l i c a t i o n s a n d e n a m e l o i d f o l d s m a y b e p r e s e n t o n t h e fl a t

l a b i a l s u r f a c e o f t h e c r o w n . S i n g l e c u s p l e t s a r e p r e s e n t o n e i t h e r s i d e o f t h e m a i n c u s p ,

s i t u a t e d l o w o n t h e c r o w n , a n d w i d e l y s e p a r a t e d f r o m t h e m a i n c u s p i n l i n g u a l v i e w . T h e

r o o t l a c k s a n u t r i t i v e g r o o v e ( o r r a r e l y h a s a s h o r t s m a l l o n e ) a n d f o r a m i n a ( r o o t s t r u c t u r e

i s h o l a u l a c o r h i z o u s w i t h s e c o n d a r y l o s s o f t h e n u t r i t i v e g r o o v e a n d o s t e o d o n t h i s t o l o g y ) .

D i s c u s s i o n — T h e t a x o n i s a n e w r e c o r d f o r t h e J R F , u n l e s s i t s h o u l d p r o v e t o b e a

s u b s p e c i e s o f A r c h a e o l a m n a ; t e e t h w i t h a s i m i l a r m o r p h o l o g y h a v e b e e n a t t r i b u t e d t o t h i s

g e n u s i n r e c e n t p a p e r s a n d h a v e c r e a t e d s o m e c o n f u s i o n r e g a r d i n g t h e p r o p e r d e s i g n a t i o n

o f t e e t h a s a s s i g n e d b y C a s e i n 1 9 7 8 a a n d 1 9 8 7 .

T h e r e i s s o m e c o n f u s i o n r e g a r d i n g t h e t a x o n o m i c s t a t u s o f A r c h a e o l a m n a k o p i n g e n s i s

k o p i n g e n s i s a n d o t h e r s u b s p e c i e s s i n c e S i v e r s o n ’ s w o r k i n 1 9 9 2 . S i v e r s o n ( 1 9 9 2 )
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r e v i e w e d C a s e ’ s w o r k ( 1 9 7 8 a a n d 1 9 8 7 ) a n d d e c i d e d t h a t w h e n C a s e i d e n t i fi e d

P l i c a t o l a m n a a r c u a t a i t w a s i n f a c t a s u b s p e c i e s o f A r c h a e o l a m n a . H e h a s s i n c e

r e n a m e d t h e s p e c i e s a s A r c h a e o l a m n a k o p i n g e n s i s j u d i t h e n s i s S i v e r s o n 1 9 9 2 . T h e

v a l i d i t y o f t h i s s u b s p e c i e s d e s i g n a t i o n i s d u b i o u s g i v e n t h e u n d e t a i l e d d e s c r i p t i o n

p r o v i d e d b y S i v e r s o n . T h e d e s c r i p t i o n , a l o n g w i t h t h e i m a g e s p r o v i d e d i n S i v e r s o n

( 1 9 9 2 ) s h o w t h a t t h e r e i s v e r y l i t t l e d i f f e r e n c e b e t w e e n t h e t w o s u b s p e c i e s t h a t h e h a s

c o n s t r u c t e d ( a n y d i f f e r e n c e s c o u l d b e a t t r i b u t e d t o n o r m a l v a r i a t i o n w i t h i n t h e s p e c i e s ) .

F o r t h e p u r p o s e s o f t h i s s t u d y t h e t w o s u b s p e c i e s a r e c o n s i d e r e d t h e s a m e t a x o n a n d

t r e a t e d h e r e a s A r c h a e o l a m n a k o p i n g e n s i s ( D a v i s , 1 8 9 0 ) . A r c h a e o l a m n a k o p i n g e n s i s

k o p i n g e n s i s a n d / o r A r c h a e o l a m n a k o p i n g e n s i s j u d i t h e n s i s a r e t h e r e f o r e r e f e r r e d t o

A r c h a e o l a m n a k o p i n g e n s i s ( t h e r e f o r e C a s e ’ s i d e n t i f i c a t i o n s [ 1 9 7 8 a a n d 1 9 8 7 ] a r e

c o r r e c t ) .

F o l l o w i n g f r o m t h e a b o v e , t h e i s s u e o f P r o t o l a m n a s o k o l o v i c a n t h e n b e a d d r e s s e d .

O v e r a l l d e s c r i p t i o n s o f t h e g e n e r a A r c h a e o l a m n a a s n o t e d b y S i v e r s o n ( 1 9 9 2 ) a n d

P r o t o l a m n a ( u t i l i z i n g P r o t o l a m n a d e s c r i p t i o n s b y C a p p e t t a [ 1 9 8 0 a ] w h i c h a r e a l s o i n

C a p p e t t a [ 1 9 8 7 ] a n d W e l t o n a n d F a r i s h [ 1 9 9 3 ] ) s e e m t o a d e q u a t e l y s e p a r a t e t h e t w o t a x a

f r o m e a c h o t h e r . H o w e v e r , i n S i v e r s o n ( 1 9 9 2 ) s o m e o f t h e t e e t h l a b e l l e d a s A . k .

k o p i n g e n s i s a n d A . k . j u d i t h e n s i s ( a s p a r a / s y m p h y s e a l t e e t h ) m o r e c l o s e l y c o r r e s p o n d t o

t h e d e s c r i p t i o n s o f P . s o k o l o v i t h a n t o e i t h e r o f S i v e r s o n ’ s d e s c r i p t i o n s o f t h e s u b s p e c i e s

o f A . k . k o p i n g e n s i s o r A . k . j u d i t h e n s i s . I f t h e s e t e e t h b e l o n g t o P . s o k o l o v i , i t i s a n e w

t a x o n f o r t h e J R F a n d a g e o g r a p h i c r a n g e e x t e n s i o n f o r t h e t a x o n . I f , h o w e v e r
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s u b s e q u e n t r e s e a r c h e r s d e c i d e t h e t e e t h b e l o n g t o A . k o p i n g e n s i s , t h e n t h e y a r e t h e fi r s t

p a r a / s y m p h y s e a l t e e t h o f A . k o p i n g e n s i s f r o m t h e J R F i n M o n t a n a .

D i s t r i b u t i o n a n d a g e f o r P . s o k o l o v i a r e U p p e r A p t i a n t o A l b i a n , l o w e r C r e t a c e o u s ,

E u r o p e , f o r m e r S o v i e t U n i o n , N o r t h A m e r i c a ( C a p p e t t a , 1 9 8 7 ) , w i t h o c c u r r e n c e s i n t h e

A l b i a n o f T e x a s ( W e l t o n a n d F a r i s h , 1 9 9 3 ) , a n d n o w e x t e n d e d t o t h e C a m p a n i a n o f

M o n t a n a i f t h e i d e n t i fi c a t i o n s u g g e s t e d h e r e i n i s c o r r e c t . T h e P r o t o l a m n a g e n u s d o e s

o c c u r i n C a m p a n i a n a n d M a a s t r i c h t i a n o f T e x a s ( W e l t o n a n d F a r i s h , 1 9 9 3 ) s o i t w o u l d

n o t i m p r o b a b l e t o fi n d P . s o k o l o v i i n t h e C a m p a n i a n o f M o n t a n a .

O r d e r C A R C H A R H I N I F O R M E S C o m p a g n o , 1 9 7 3

F a m i l y T R I A K I D A E G r a y , 1 8 5 1

G e n u s A R C H A E O T R I A K I S C a s e , 1 9 7 8 a

A R C H A E O T R I A K I S R O C H E L L E A E C a s e , 1 9 7 8 a
F i g u r e s 4 2 a - d

M a t e r i a l - J u d i t h R i v e r F o r m a t i o n , P o w e r P l a n t F e r r y B o n e b e d : i n d i v i d u a l t e e t h , S M M

P 2 0 0 6 : 1 3 : 2 3 : 1 a n d S M M P 2 0 0 6 : 1 3 : 2 3 z 2 . 2 t e e t h .

D e s c r i p t i o n — C a s e ’ s d i a g n o s i s f o r t h i s g e n u s a n d s p e c i e s a r e t e e t h o f m i n u t e s i z e w i t h

t o o t h h e i g h t l e s s t h a n 0 . 5 m i l l i m e t e r s a n d a n o v e r a l l r o b u s t s t r u c t u r e ( C a s e , 1 9 7 8 a ) . T h e

t r i c u s p i d c r o w n i s b r o a d a n d t h i c k a n d c o n s i s t s o f a s t r a i g h t c e n t r a l b u l k y c u s p w i t h a

fl a n k i n g p a i r o f w i d e l y d i v e r g i n g l a t e r a l c u s p l e t s ( C a p p e t t a , 1 9 8 7 ) . T h e r a t h e r s m o o t h

s u r f a c e o f t h e l i n g u a l f a c e l a c k s a l i n g u a l p r o t u b e r a n c e w h i l e t h e l a b i a l f a c e d i s p l a y s

r i d g e s o r “ p l e a t s ” ( C a s e , 1 9 7 8 a ) t h a t a r e d i r e c t e d v e r t i c a l l y a l o n g t h e c e n t r a l c u s p a n d

l a t e r a l c u s p l e t s w i t h l e s s e r r i d g e s o r f o l d s i n b e t w e e n ( C a p p e t t a , 1 9 8 7 ) . T h e r o o t

s t r u c t u r e i s h o l o a u l a c o r h i z o u s .
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D i s c u s s i o n — T h e s y s t e m a t i c p l a c e m e n t o f A r c h a e o t r i a k i s r o c h e l l e a e h a s b e e n

p r o b l e m a t i c s i n c e i t w a s fi r s t e r e c t e d . I n i t i a l l y C a s e ( 1 9 7 8 a ) p l a c e d t h e s p e c i e s i n t h e

F a m i l y P s e u d o t r i a k i d a e ( B r i t o C a p e l l o , 1 8 6 7 * ) , b u t C a p p e t t a ( 1 9 8 7 ) p l a c e d t h e m i n t h e

F a m i l y T r i a k i d a e a n d T r i b e T r i a k i n i G r a y , 1 8 5 1 . H o w e v e r , C a p p e t t a a c k n o w l e d g e d t h a t

p l a c e m e n t w i t h i n T r i a k i n i a t t h a t t i m e w a s h y p o t h e t i c a l ( C a p p e t t a , 1 9 8 7 ) . T h e c u r r e n t

r a n g e a n d d i s t r i b u t i o n o f A . r o c h e l l e a e , t h e t y p e s p e c i e s , i s U p p e r C r e t a c e o u s o f N o r t h

A m e r i c a , w i t h t h e fi r s t o c c u r r e n c e f r o m t h e J u d i t h R i v e r F o r m a t i o n , M o n t a n a ( C a p p e t t a ,

1 9 8 7 ) .

O r d e r R A J I F O R M E S B e r g , 1 9 4 0

F a m i l y H Y P S O B A T I D A E C a p p e t t a , 1 9 9 2

G e n u s P R O T O P L A T Y R H I N A C a s e , 1 9 7 8 a
P R O T O P L A T Y R H I N A R E N A E C a s e , 1 9 7 8 a

F i g u r e s 4 3 a - m a n d 4 4 a - i

M a t e r i a l - J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l t e e t h , S M M

P 2 0 0 3 : 8 : 1 1 : l , S M M P 2 0 0 3 : 8 : 1 1 : 2 , S M M P 2 0 0 3 : 8 : 1 1 : 3 ( g o l d c o a t e d ) , S M M

P 2 0 0 3 : 8 : l l z 4 ( g o l d c o a t e d ) , S M M P 2 0 0 3 : 8 : 1 1 : 5 , S M M P 2 0 0 3 : 8 : 1 1 2 6 , S M M

P 2 0 0 3 : 8 : 1 1 2 7 , S M M P 2 0 0 3 : 8 : 1 1 : 8 ( g o l d c o a t e d ) , S M M P 2 0 0 3 : 8 : 1 1 : 9 , S M M

P 2 0 0 3 : 8 : 1 1 : 1 0 , S M M P 2 0 0 3 : 8 : 1 1 : 1 1 ( g o l d c o a t e d ) , S M M P 2 0 0 3 : 8 : 1 1 : 1 2 , S M M

P 2 0 0 3 : 8 : 1 1 : 1 3 , a n d S M M P 2 0 0 3 : 8 : 1 1 : 1 4 . 5 7 4 t e e t h . S M M P 9 9 : 8 1 : 4 : 1 . 4 6 t e e t h . P o w e r

P l a t F e r r y B o n e b e d : l o t a n d i n d i v i d u a l t e e t h , S M M P 2 0 0 6 : 1 3 : 1 1 : 1 , S M M P 2 0 0 6 : 1 3 : 1 1 : 2 ,

S M M P 2 0 0 6 : 1 3 : 1 1 : 3 , S M M P 2 0 0 6 : 1 3 : 1 1 : 4 , a n d S M M P 2 0 0 6 : 1 3 : 1 1 : 5 . 4 4 5 t e e t h .

W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l d e r m a l d e n t i c l e s , S M M P 2 0 0 3 : 8 : 1 1 : 1 5 , S M M

P 2 0 0 3 : 8 : 1 1 : 1 6 , a n d S M M P 2 0 0 3 : 8 : 1 1 : 1 7 . 2 8 0 d e r m a l d e n t i c l e s . S M M P 9 9 : 8 1 : 4 : 2 . 2 8

d e r m a l d e n t i c l e s . P o w e r P l a n t F e r r y B o n e b e d : l o t a n d i n d i v i d u a l d e r m a l d e n t i c l e s , S M M

P 2 0 0 6 : 1 3 : 1 1 2 6 , S M M P 2 0 0 6 : 1 3 : 1 1 : 7 , a n d S M M P 2 0 0 6 : 1 3 : 1 1 : 8 . 2 2 0 d e r m a l d e n t i c l e s .

D e s c r i p t i o n - — C a s e ’ s ( 1 9 7 8 a ) d i a g n o s i s f o r t h i s g e n u s a n d s p e c i e s i s t e e t h o f s m a l l s i z e

r a n g i n g f r o m 0 . 2 5 m m t o 2 . 0 m m i n d i a m e t e r a n d 0 . 7 5 m m i n h e i g h t . O v e r a l l c r o w n

 

* T h e w o r k C a s e r e f e r s t o i s a c t u a l l y d e B r i t o C a p e l l o , 1 8 6 7 o r 1 8 6 8 , h o w e v e r

P s e u d o t r i a k i d a e i s fi r s t d e s c r i b e d b y G i l l ( 1 8 9 3 ) e m e n d e d f r o m S c y l l i o r h i n i d a e b y J o r d a n

a n d E v e r r n a n n ( 1 8 9 6 ) , a n d n o t b y d e B r i t o C a p e l l o a s C a s e ( 1 9 7 8 a ) s t a t e d .
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s h a p e i s t h i c k , s m o o t h , a n d r h o m b o d i c t o h e x a g o n a l ( w i t h t h e s i d e s o f t h e t e e t h b e i n g

i n t e r l o c k i n g f a c e s o r f a c e t s ) o r c i r c u l a r t o o v a l ( o r o b l o n g ) i n o c c l u s a l v i e w . L a r g e

f o r a m i n a a r e p r e s e n t o n l a t e r a l f a c e t s l o c a t e d d i r e c t l y b e l o w t h e c r o w n ’ s e n a m e l o i d

a p r o n . A m e d i a l f u r r o w i s p r e s e n t i n b a s a l v i e w ( t h e r o o t s t r u c t u r e i s h o l a u l a c o r h i z o u s ,

a n d h i s t o l o g y o r t h o d o n t ) . T e e t h c o l l e c t e d f o r t h i s s t u d y r a n g e f r o m 0 . 2 5 m m t o 2 . 0 m m

i n d i a m e t e r a r e c i r c u l a r ( i n a d d i t i o n t o o v a l a n d r h o m b i c ) i n o c c l u s a l v i e w a n d e x h i b i t a l l

c h a r a c t e r s i n C a s e ’ s d i a g n o s i s e x c e p t f o r t h e f o r a m i n a ( w h i c h m a y b e o b s c u r e d b y

m a t r i x ) . T h e r e a r e a l s o s e v e r a l t e e t h t h a t d o n o t h a v e t h e r o o t p r e s e r v e d . C a s e a l s o

d e s c r i b e d d e r m a l d e n t i c l e s o f P . r e n a e , f o u n d i n a s s o c i a t i o n w i t h P . r e n a e t e e t h , w h i c h

a r e s m a l l a n d l o o k r a t h e r b u t t o n l i k e . D e r m a l d e n t i c l e s a p p e a r a s i n v e r t e d m u s h r o o m s a n d

a r e j u s t o v e r 1 . 0 m m i n d i a m e t e r .

D i s c u s s i o n - — A f t e r m u c h a m b i g u i t y o n t a x o n o m i c p l a c e m e n t , f r o m R h i n o b a t i d a e ( M fi l l e r

a n d H e n l e , 1 8 3 8 ) t o P l a t y r h i n i d a e ( J o r d a n , 1 9 2 3 ) , C a p p e t t a ( 1 9 9 2 ) a s s i g n e d

P r o t o p l a t y r h i n a t o t h e f a m i l y H y p s o b a t i d a e ( C a p p e t t a , 1 9 9 2 ) . . A g e a n d d i s t r i b u t i o n i s t h e

J R F , C a m p a n i a n , U p p e r C r e t a c e o u s M o n t a n a , U . S . A . ( C a p p e t t a , 1 9 8 7 ) , M a a s t r i c h t i a n o f

T e x a s ( W e l t o n a n d F a r i s h , 1 9 9 3 ) , K e m p F o r m a t i o n , U p p e r M a a s t r i c h t i a n n o r t h - e a s t e r n

T e x a s ( C a s e a n d C a p p e t t a , 1 9 9 7 ) , a s w e l l a s t h e T e a p o t S a n d s t o n e M e m b e r , “ M e s a v e r d e ”

F o r m a t i o n , U p p e r C a m p a n i a n , W y o m i n g ( C a s e , 1 9 8 7 ) , a n d t h e D i n o s a u r P a r k F o r m a t i o n ,

U p p e r C a m p a n i a n A l b e r t a , C a n a d a ( B e a v a n a n d R u s s e l l , 1 9 9 9 ) .

F a m i l y R H I N O B A T I D A E M u l l e r a n d H e n l e , 1 8 3 8

G e n u s S Q U A T I R H I N A C a s i e r , 1 9 4 7 b

S Q U A T I R H I N A s p .

F i g u r e s 4 5 a — b
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M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l t e e t h , S M M
P 2 0 0 3 : 8 : 1 3 : 1 ( g o l d c o a t e d ) a n d S M M P 2 0 0 3 : 8 : 1 3 z 2 . 1 3 t e e t h .

D e s c r i p t i o n — F i r s t d e s c r i b e d b y C a s i e r ( 1 9 4 7 b ) , t e e t h o f t h i s g e n u s a r e s m a l l , u p t o 5 . 0

m m t a l l a n d 1 . 5 m m w i d e . T h e y h a v e a d i s t i n c t c u s p i d a t e c r o w n , b u l b o u s l i n g u a l

p r o t u b e r a n c e , a n d s c a l l o p e d c r o w n m a r g i n . T h e r o o t h a s a t r i a n g u l a r o u t l i n e , a n u t r i t i v e

g r o o v e ( r o o t s t r u c t u r e i s h o l a u l a c o r h i z o u s , h i s t o l o g y o r t h o d o n t ) a n d f o r a m i n a o n t h e r o o t

( v e r y s i m i l a r i n o v e r a l l a p p e a r a n c e t o C r e t o r e c t o l o b u s o l s o n i a n d / o r E u c r o s s o r h i n u s

m i c r o c u s p i d a t u s b u t t h e c u s p i s m o r e r e c u r v e d i n S q u a t i r h i n a t h a n i n C . o l s o n i o r E .

m i c r o c u s p i d a t u s ) . T e e t h c o l l e c t e d h e r e f a l l w i t h i n t h e s i z e r a n g e , a p p r o x i m a t e l y 3 . 0 m m

t a l l a n d 1 . 0 m m w i d e , a n d f o r a m i n a a r e e i t h e r l a c k i n g o r o b s c u r e d b y m a t r i x .

D i s c u s s i o n - T h e k n o w n a g e a n d d i s t r i b u t i o n o f t h e g e n u s r a n g e s f r o m t h e T u r o n i a n t o

M a a s t r i c h t i a n o f E u r o p e ( C a p p e t t a , 1 9 8 7 ) . E s t e s ( 1 9 6 4 ) n a m e d a s p e c i e s o f S q u a t i r h i n a

f r o m t h e L a n c e F o r m a t i o n o f W y o m i n g a n d l a t e r r e c o r d e d a n o c c u r r e n c e o f S q u a t i r h i n a

f r o m t h e H e l l C r e e k F o r m a t i o n , M o n t a n a ( E s t e s e t a l . , 1 9 6 9 ) . S q u a t i r h i n a h a s a l s o b e e n

f o u n d i n t h e W e n o F o r m a t i o n ( A l b i a n ) i n T a r r a n t C o u n t y a n d t h e P e p p e r F o r m a t i o n

( C e n o m a n i a n ) i n B e l l C o u n t y , T e x a s ( W e l t o n a n d F a r i s h , 1 9 9 3 ) , a n d i n t h e T e a p o t

S a n d s t o n e M e m b e r , “ M e s a v e r d e ” F o r m a t i o n ( U p p e r C a m p a n i a n ) , W y o m i n g ( C a s e ,

1 9 8 7 ) . T h e m a t e r i a l n o t e d h e r e i s t h e fi r s t n o t i c e o f S q u a t i r h i n a f o r t h e J R F , M o n t a n a .

S u b o r d e r S C L E R O R H Y N C H O I D E I C a p p e t t a , 1 9 8 0 b
F a m i l y S C L E R O R H Y N C H I D A E C a p p e t t a , 1 9 7 4

G e n u s I S C H Y R H I Z A L e i d y , 1 8 5 6 b
I S C H Y R H I Z A A V O N I C O L A E s t e s , 1 9 6 4
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M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : i n d i v i d u a l t o o t h , S M M
P 2 0 0 3 : 8 : 1 2 . 1 b r o k e n r o s t r a l t o o t h .

D e s c r i p t i o n — R o s t r a l t e e t h a r e s m a l l a n d s h o r t w i t h t h e c r o w n l e s s t h a n h a l f t h e t o o t h

h e i g h t a n d w i t h a c o n v e x a n t e r i o r c u t t i n g r i d g e e x t e n d i n g f r o m a p e x t o t h e c r o w n f o o t .

T h e r o o t i s w i d e l y s p l a y e d a n d e x p a n d s c o n t i n u o u s l y f r o m t h e c r o w n f o o t t o t h e b a s e .

O r a l t e e t h o f t h i s s p e c i e s a r e v e r y s m a l l ( l e s s t h a n 2 . 0 m m w i d e ) a n d a p p e a r v e r y m u c h

l i k e o t h e r s c l e r o r h y n c h i d o r a l t e e t h . T h e c r o w n i s a r o u n d e d a p i c a l e d g e w i t h o u t a

d i s t i n c t c u s p . T h e y h a v e a n u t r i t i v e g r o o v e ( r o o t s t r u c t u r e i s h o l a u l a c o r h i z o u s , h i s t o l o g y

o r t h o d o n t ) . O n l y o n e r o s t r a l t o o t h w a s c o l l e c t e d . T h e t o o t h i s a p p r o x i m a t e l y 1 0 . 0 m m i n

l e n g t h . B e c a u s e m o s t o r a l t e e t h o f b a t o i d s a r e d i f fi c u l t t o i d e n t i f y w i t h o u t a s s o c i a t e d

r o s t r a l t e e t h a n d / o r c l e a r d i a g n o s t i c f e a t u r e s , a n y o r a l t e e t h f r o m F a m i l y S c l e r o r h y n c h i d a e

i n t h i s s t u d y a r e i d e n t i fi e d a s P t y c h o r r y g o n h o o v e r i , P . t r i a n g u l a r i s , o r S c l e r o r h y n c h i d a e

i n d e t .

D i s c u s s i o n — F o u n d i n w e s t e r n N o r t h A m e r i c a n L a t e C r e t a c e o u s f a u n a s , t h e a g e a n d

d i s t r i b u t i o n o f t h e s p e c i e s i s L a t e C r e t a c e o u s ( T u r o n i a n t o M a a s t r i c h t i a n ) o f t h e U n i t e d

S t a t e s ( C a p p e t t a , 1 9 8 7 ) .

I S C H Y R H I Z A M I R A L e i d y , 1 8 5 6 b

F i g u r e s 4 6 a - c

M a t e r i a l - J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l r o s t r a l t e e t h

S M M P 2 0 0 3 : 8 : 1 4 z l , S M M P 2 0 0 3 : 8 : 1 4 2 2 , S M M P 2 0 0 3 : 8 : 1 4 : 3 , a n d S M M P 2 0 0 3 : 8 : l 4 z 4 .

6 3 r o s t r a l t e e t h . S M M P 9 9 : 8 1 2 5 . 6 6 r o s t r a l t e e t h / p i e c e s . P o w e r P l a n t F e r r y B o n e b e d : l o t
S M M P 2 0 0 6 : 1 3 : 1 2 . 3 4 r o s t r a l t e e t h / p i e c e s .
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D e s c r i p t i o n - R o s t r a l t e e t h a r e l a t e r a l l y c o m p r e s s e d , s l i g h t l y s i g m o i d a l , a n d a s l o n g a s

6 0 . 0 m m . T h e c r o w n i s t h i c k w i t h s m o o t h e n a m e l o i d , a n d t e n d s t o b e s h o r t e r t h a n t h e

r o o t , w i t h s h a r p a n t e r i o r a n d p o s t e r i o r c u t t i n g e d g e s . O r a l t e e t h o f t h i s s p e c i e s a r e s m a l l ,

u p t o 7 . 0 m m w i d e a n d w i t h t h e a p p e a r a n c e o f t y p i c a l s c l e r o r h y n c h i d o r a l t e e t h . T h e y

h a v e c u s p i d a t e c r o w n s , a n u t r i t i v e g r o o v e ( r o o t s t r u c t u r e i s h o l a u l a c o r h i z o u s a n d

o r t h o d o n t h i s t o l o g y ) , a n d f o r a m i n a . O n l y r o s t r a l t e e t h w e r e r e c o v e r e d , w i t h l e n g t h s o f

a p p r o x i m a t e l y 1 5 . 0 m m , a n d a l l l a c k t h e r o o t s .

D i s c u s s i o n — F o u n d i n m a n y N o r t h A m e r i c a n L a t e C r e t a c e o u s f a u n a s ( C a s e , 1 9 7 8 a ) , t h e

a g e a n d d i s t r i b u t i o n o f t h e s p e c i e s i s L a t e C r e t a c e o u s ( T u r o n i a n t o M a a s t r i c h t i a n ) o f t h e

U n i t e d S t a t e s ( C a p p e t t a , 1 9 8 7 ) ; t h e F o r e m o s t F o r m a t i o n , C a m p a n i a n o f A l b e r t a , C a n a d a

( S t o r e r a n d J o h n s o n , 1 9 7 4 ) ; t h e B l a c k C r e e k F o r m a t i o n , C a m p a n i a n , N o r t h C a r o l i n a

( R o b b , 1 9 8 9 ) ; a n d t h e M a a s t r i c h t i a n o f M a r y l a n d ( H a r t s t e i n a n d D e c i n a , 1 9 8 6 ) .

G e n u s P T Y C H O T R Y G O N J a e k e l , 1 8 9 4
P T Y C H O T R Y G O N H O O V E R ] M c N u l t y a n d S l a u g h t e r , 1 9 7 2

F i g u r e s 4 7 a - d

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l t e e t h , S M M
P 2 0 0 3 : 8 : 1 5 z l , S M M P 2 0 0 3 : 8 : 1 5 : 2 ( g o l d c o a t e d ) , a n d S M M P 2 0 0 3 : 8 : 1 5 : 3 . 1 0 o r a l t e e t h .

S M M P 9 9 : 8 1 z 6 . 1 o r a l t o o t h . P o w e r P l a n t F e r r y B o n e b e d : l o t S M M P 2 0 0 6 : 1 3 : 1 3 . 5 o r a l
t e e t h .

D e s c r i p t i o n — M c N u l t y a n d S l a u g h t e r ( 1 9 7 2 ) d e s c r i b e t h e s e t e e t h a s s m a l l , b e t w e e n 1 . 0

a n d 2 . 0 m m w i d e a n d t a l l , a n d w i t h h i g h , n a r r o w , t r i a n g u l a r c u s p i d a t e s m o o t h c r o w n s

w i t h l i t t l e o r n o o r n a m e n t a t i o n . R o o t i s t r i a n g u l a r i n o u t l i n e a n d w i t h a n u t r i t i v e g r o o v e
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( r o o t s t r u c t u r e i s h o l a u l a c o r h i z o u s , h i s t o l o g y o r t h o d o n t ) . T e e t h c o l l e c t e d i n t h i s s t u d y

e x h i b i t a l l f e a t u r e s a s d e s c r i b e d .

D i s c u s s i o n — A g e a n d d i s t r i b u t i o n i n c l u d e s t h e E a g l e F o r d F o r m a t i o n , L a t e T u r o n i a n ,

L a t e C r e t a c e o u s , D a l l a s a r e a , T e x a s , U S A . ( C a p p e t t a , 1 9 8 7 ) , a s w e l l a s t h e P e p p e r a n d

W o o d b i n e F o r m a t i o n s ( C e n o m a n i a n ) , a n d t h e A t c o F o r m a t i o n o f t h e A u s t i n G r o u p

( C o n i a c i a n ) ( W e l t o n a n d F a r i s h , 1 9 9 3 ) .

P T Y C H O T R Y G O N T R I A N G U L A R I S R e u s s , 1 8 4 4

F i g u r e s 4 8 a - b

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l t e e t h , S M M

P 2 0 0 3 : 8 : 1 6 : 1 a n d S M M P 2 0 0 3 : 8 : 1 6 2 2 . 3 o r a l t e e t h . S M M P 9 9 : 8 1 : 7 . 1 o r a l t o o t h .

P o w e r P l a n t F e r r y B o n e b e d : l o t , S M M P 2 0 0 6 : 1 3 : 1 4 . 6 o r a l t e e t h .

D e s c r i p t i o n — T e e t h a r e s m a l l , b e t w e e n 1 . 0 a n d 3 . 0 m m w i d e a n d 1 . 0 a n d 2 . 0 m m t a l l ,

w i t h h i g h t r i a n g u l a r c r o w n s w i t h t h r e e p r o m i n e n t s e p a r a t e t r a n s v e r s e r i d g e s a l o n g t h e

l i n g u a l f a c e . R o o t i s t r i a n g u l a r i n o u t l i n e a n d h a s a n u t r i t i v e g r o o v e ( r o o t s t r u c t u r e i s

h o l a u l a c o r h i z o u s , o r t h o d o n t h i s t o l o g y ) . T e e t h c o l l e c t e d e x h i b i t a l l f e a t u r e s a s d e s c r i b e d .

D i s c u s s i o n - — A g e a n d d i s t r i b u t i o n i n c l u d e s t h e W o o d b i n e a n d P e p p e r f o r m a t i o n s

( C e n o m a n i a n ) , E a g l e F o r d G r o u p ( C e n o m a n i a n t o T u r o n i a n ) , A u s t i n G r o u p ( C o n i a c i a n t o

S a n t o n i a n ) , a n d t h e T a y l o r a n d N a v a r r o g r o u p s ( C a m p a n i a n a n d M a a s t r i c h t i a n ) i n T e x a s

( W e l t o n a n d F a r i s h , 1 9 9 3 ) ; U p p e r C r e t a c e o u s ( C o n i a c i a n ) o f t h e D a l t o n S a n d s t o n e o f

C e n t r a l N e w M e x i c o ( J o h n s o n a n d L u c a s , 2 0 0 1 ) ; a n d T u r o n i a n , L a t e C r e t a c e o u s , i n w h a t

u s e d t o b e B o h e m i a , C z e c h o s l o v a k i a ( C a p p e t t a , 1 9 8 7 ) n o w m o d e r n d a y C z e c h R e p u b l i c .
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A l s o o c c u r s i n t h e T u r o n i a n o f S o u t h D a k o t a ( C a p p e t t a , 1 9 7 3 ) a n d t h e C e n o m a n i a n -

T u r o n i a n o f A r i z o n a ( W i l l i a m s o n , e t a l . , 1 9 9 3 ) .

S C L E R O R H Y N C H H D A E i n d e t .
F i g u r e s 4 9 a - f a n d 5 0 a - c

M a t e r i a l - J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l t e e t h , S M M
P 2 0 0 3 : 8 : l 7 z l , S M M P 2 0 0 3 : 8 : 1 7 : 2 ( g o l d c o a t e d ) , S M M P 2 0 0 3 : 8 : 1 7 : 3 ( g o l d c o a t e d ) ,

S M M P 2 0 0 3 : 8 : 1 7 : 4 ( g o l d c o a t e d ) , S M M P 2 0 0 3 : 8 : 1 7 : 5 ( p a r t i a l g o l d c o a t i n g ) . a n d S M M
P 2 0 0 3 : 8 : 1 7 2 6 . 2 5 o r a l t e e t h . S M M P 9 9 : 8 1 : 8 . 5 o r a l t e e t h . P o w e r P l a n t F e r r y B o n e b e d :
l o t S M M P 2 0 0 6 : 1 3 : 1 5 . 6 o r a l t e e t h .

D e s c r i p t i o n — T e e t h a r e s m a l l , u p t o 5 . 0 m m w i d e . O v e r a l l a p p e a r a n c e s u p e r fi c i a l l y

r e s e m b l e s P t y c h o t r y g o n o r I s c h y r h i z a . T h e r e i s n o o r n a m e n t a t i o n , t h e c r o w n i s t r i a n g u l a r

a n d c u s p i d a t e , a n d t h e r o o t h a s a n u t r i t i v e g r o o v e ( r o o t s t r u c t u r e i s h o l a u l a c o r h i z o u s ,

h i s t o l o g y o r t h o d o n t ) . T e e t h a r e m u c h l a r g e r a n d m o r e r o b u s t t h a n P . h o o v e r i o r P .

t r i a n g u l a r i s .

D i s c u s s i o n — T h e s e c o u l d b e t e e t h o f I s c h y r h i z a , i n p a r t i c u l a r I . m i r a o r I . s c h n e i d e r i

( S M M P 2 0 0 3 : 8 : 1 7 : 3 ) , b u t s o m e t e e t h a l s o r e s e m b l e O n c h o p r i s i t i s d u n k l e i ( S M M

P 2 0 0 3 : 8 : 1 7 : 2 ) . T h e y a r e a l l o f a p p r o p r i a t e s i z e a n d o v e r a l l s h a p e t o b e c l a s s i fi e d a s a

s c l e r o r h y n c h i d .

O r d e r M Y L I O B A T I F O R M E S C o m p a g n o , 1 9 7 3
F a m i l y D A S Y A T I D A E B e r g , 1 9 5 8
G e n u s M Y L E D A P H U S C o p e , 1 8 7 6 a
M Y L E D A P H U S B I P A R T I T U S C o p e , 1 8 7 6 a

F i g u r e s 5 1 a - h

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l t e e t h , S M M

P 2 0 0 3 : 8 : 1 8 z l , S M M P 2 0 0 3 : 8 : 1 8 : 2 ( g o l d c o a t e d ) , a n d S M M P 2 0 0 3 : 8 : 1 8 : 3 . 1 2
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t e e t h / p i e c e s . S M M P 9 9 : 8 1 : 9 : 1 . 5 t e e t h . P o w e r P l a n t F e r r y B o n e b e d : i n d i v i d u a l t o o t h
S M M P 2 0 0 6 : 1 3 : 1 6 z l . 1 t o o t h .

W o o d h a w k B o n e b e d : l o t a n i n d i v i d u a l d e r m a l d e n t i c l e , S M M P 2 0 0 3 : 8 : 1 8 : 4 a n d S M M

P 2 0 0 3 : 8 : 1 8 z 5 . 1 2 d e r m a l d e n t i c l e s . S M M P 9 9 : 8 1 : 9 : 2 . l d e r m a l d e n t i c l e . P o w e r P l a n t

F e r r y B o n e b e d : l o t , S M M P 2 0 0 6 : 1 3 : 1 6 : 2 . 2 d e r m a l d e n t i c l e s .

D e s c r i p t i o n — F i r s t d e s c r i b e d a n d n a m e d b y C o p e ( 1 8 7 6 a ) , d i s c o v e r e d i n 1 8 7 6 b y

S t e m b e r g i n t h e J R F . C o p e ’ s o r i g i n a l d e s c r i p t i o n s h o w s t e e t h o f h e x a g o n a l o u t l i n e a n d

c r o w n s m o l a r i f o r r n i n s t r u c t u r e ( t r u n c a t e ) , w i d e r t h a n l o n g a n d p o s i t i o n e d o n t h e r o o t s i n

a t a b l e - l i k e f a s h i o n . E s t e s ( 1 9 6 4 ) m a d e f u r t h e r o b s e r v a t i o n s w h i l e s t u d y i n g t h e L a n c e

F o r m a t i o n f a u n a i n W y o m i n g . T e e t h u p t o 7 . 0 m m w i d e , t e n d i n g t o d i s p l a y w r i n k l e s o n

t h e s i d e s o f t h e c r o w n . O v e r a l l o u t l i n e i s r h o m b i c t o h e x a g o n a l w i t h t h e s m a l l e r t e e t h

m o r e i r r e g u l a r i n s h a p e , m o r e e l o n g a t e a n d n a r r o w , a n d l a c k i n g w r i n k l e s ( C o p e , 1 8 7 6 a ) .

M o s t o f t h e t e e t h c o l l e c t e d h e r e a r e a p p r o x i m a t e l y 1 . 0 t o 2 . 0 m m t a l l a n d w i d e a n d

d i s p l a y t h e r h o m b i c o u t l i n e . T h e y a r e n o t a s l a r g e o r r o b u s t a s t y p i c a l M y l e d a p h u s

b i p a r t i t u s t e e t h , h o w e v e r t h e y d o fi t t h e o v e r a l l m o r p h o l o g i c a l c r i t e r i a f o r t h e s p e c i e s ( a s

d e t e r m i n e d b y E s t e s , 1 9 6 4 ) , p a r t i c u l a r l y f o r t h e s m a l l e r t e e t h . T h e r e i s , h o w e v e r , o n e

t o o t h , f r o m P P F ( S M M P 2 0 0 6 : 1 3 : 1 6 z l ) t h a t i s l a r g e r a n d c l o s e r t o t h e s i z e r a n g e a s

o r i g i n a l l y d e s c r i b e d b y C o p e ( 1 8 7 6 a ) . D e r m a l d e n t i c l e s , a s d e s c r i b e d a n d i l l u s t r a t e d i n

E s t e s ( 1 9 6 4 ) w e r e a l s o f o u n d , a p p r o x i m a t e l y 5 . 0 m m i n d i a m e t e r . T h e d e n t i c l e s a r e

r o u n d , o v a l i n s h a p e i n d o r s a l v i e w , a n d c o n i c a l i n p r o fi l e v i e w w i t h r i d g e s t h a t r u n f r o m

t h e a p e x o f t h e d e n t i c l e t o t h e b a s a l e d g e .

D i s c u s s i o n — A s a l r e a d y m e n t i o n e d , m o s t o f t h e t e e t h c o l l e c t e d d o n o t fi t t h e n o r m a l s i z e

c r i t e r i a o f M . b i p a r t i t u s b u t i t s h o u l d b e n o t e d t h a t S a h n i ( 1 9 7 2 ) a n d C a s e ( 1 9 7 8 a ) f o u n d

7 2



t e e t h t h e y i d e n t i fi e d a s M . b i p a r t i t u s t h a t w e r e b e t w e e n 2 . 0 a n d 5 . 0 m m i n s i z e . I f t h e s e

t e e t h a r e n o t s m a l l M . b i p a r t i t u s t e e t h t h e n t h e y a r e p o s s i b l y a n o t h e r s p e c i e s o f

M y l e d a p h u s , a s t h e y e x h i b i t t h e s t r o n g r h o m b i c o u t l i n e . T h e s e t e e t h c o u l d a l s o p e r t a i n t o

t h e R h o m b o d o n t i d a e , w h i c h a r e s i m i l a r l y r h o m b i c . M . b i p a r t i t u s i s q u i t e a b u n d a n t i n

L a t e C r e t a c e o u s N o r t h A m e r i c a ( W y o m i n g , M o n t a n a , N e w M e x i c o , a n d S a s k a t c h e w a n ) .

A g e a n d d i s t r i b u t i o n i n c l u d e s C r e t a c e o u s o f N o r t h A m e r i c a a n d t h e f o r m e r S o v i e t U n i o n

( C a p p e t t a , 1 9 8 7 ) .

S u b c l a s s S U B T E R B R A N C H I A L I A Z a n g e r l , 1 9 7 9

S u p e r o r d e r H O L O C E P H A L I B o n a p a r t e , 1 8 3 2

O r d e r C H I M A E R I F O R M E S O b r u c h e v , 1 9 5 3

S u b o r d e r C H I M A E R O I D E I P a t t e r s o n , 1 9 6 5
F a m i l y C A L L O R H Y N C H I D A E G a r m a n , 1 9 0 1

G e n u s I S C H Y O D U S E g e r t o n , 1 8 4 3

F i g u r e 5 2

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t a n d i n d i v i d u a l p i e c e s ,

S M M P 2 0 0 3 : 8 : 2 3 : 1 a n d S M M P 2 0 0 3 : 8 : 2 3 2 2 . 3 5 p a r t i a l t o o t h p l a t e s .

D e s c r i p t i o n — P i e c e s o f t o o t h p l a t e s a r e t o o f r a g m e n t a r y a n d f r i a b l e f o r p o s i t i v e

i d e n t i fi c a t i o n b e y o n d t h e g e n u s l e v e l a n d j a w p o s i t i o n . H o w e v e r , t h e y m a y r e p r e s e n t o n e

o f t w o s p e c i e s f o u n d b y C a s e ( 1 9 7 9 ) f r o m t h e J R F i n 1 9 7 8 , I s c h y o d u s b i f u r c a t u s C a s e

1 9 7 8 b o r E l a s m o d u s c f . E . g r e e n o u g h i A g a s s i z , 1 8 4 3 . F r a g m e n t s r e c o v e r e d m o r e c l o s e l y

r e s e m b l e t o o t h p l a t e s o f t h e g e n u s I s c h y o d u s t h a n t h o s e b e l o n g i n g t o E l a s m o d u s , w i t h

p i e c e s c o n t a i n i n g t h e s a m e p i t t e d o r p u n c t a t e o c c l u s a l s u r f a c e t e x t u r e o f t h e t o o t h p l a t e s

a s I s c h y o d u s . U n f o r t u n a t e l y n o r e a l s y s t e m a t i c c o m p a r i s o n s c a n b e d o n e d u e t o t h e

f r a g m e n t a r y n a t u r e o f t h e s p e c i m e n s . I f , h o w e v e r , t h e p i e c e s b e l o n g t o E l a s m o d u s , t h e

s y s t e m a t i c p l a c e m e n t c h a n g e s t o t h e F a m i l y R h i n o c h i m a e r i d a e .

7 3



D i s c u s s i o n — M o d e r n d a y c h i m a e r i d s a r e t y p i c a l l y d e e p - s e a f o r m s , a n d i t i s u s u a l l y

i n f e r r e d t h a t e x t i n c t c h i m a e r i d s a l s o i n h a b i t e d d e e p - w a t e r e n v i r o n m e n t s . H o w e v e r , m o s t

f o s s i l c h i m a e r i d s a r e f o u n d i n s h a l l o w m a r i n e d e p o s i t s ( m u c h l i k e t h e J R F ) , p e r h a p s

t h r o u g h p o s t m o r t e m t r a n s p o r t . T o o t h p l a t e s t r u c t u r e i n d i c a t e s t h a t c h i m a e r i d s w e r e

d u r o p h a g u s . I s c h y o d u s b i f u r c a t u s i s f o u n d i n U p p e r C r e t a c e o u s ( U p p e r S a n t o n i a n t o

M i d d l e M a a s t r i c h t i a n ) d e p o s i t s o f N e w J e r s e y a n d D e l a w a r e , t h e C a m p a n i a n d e p o s i t s o f

A r k a n s a s , C a l i f o r n i a , a n d M o n t a n a ; C a m p a n i a n o f B e l g i u m , m i d - C a m p a n i a n o f G e o r g i a ,

a n d t h e C a m p a n i a n o f t h e V o l g o g r a d r e g i o n o f R u s s i a ( S t a h l , 1 9 9 9 ) . E l a s m o d u s

g r e e n o u g h i i s k n o w n f r o m t h e U p p e r C r e t a c e o u s o f B e l g i u m a n d t h e J R F o f M o n t a n a

( S t a h l , 1 9 9 9 ) .

C H O N D R I C H T H Y E S i n d e t .

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t S M M P 2 0 0 3 : 8 : 2 1 : 1 a n d

S M M P 2 0 0 3 : 8 : 2 1 : 2 . 6 1 d e r m a l d e n t i c l e s . S M M P 9 9 : 8 1 : 1 0 . 1 2 d e r m a l d e n t i c l e s . P o w e r

P l a n t F e r r y B o n e b e d : l o t S M M P 2 0 0 6 : 1 3 : 1 9 . 6 1 d e r m a l d e n t i c l e s .

D e s c r i p t i o n - D e r m a l d e n t i c l e s a r e m o s t l y v e r y p o i n t e d a n d c o n i c a l l i k e t h o s e o f

M y l e d a p h u s b i p a r t i t u s , h o w e v e r , m a n y h a v e a “ k i n k ” i n t h e c o n e t h a t M . b i p a r t i t u s d o e s

n o t s e e m t o p o s s e s s . T h e d e r m a l d e n t i c l e s a r e a l s o m u c h s m a l l e r t h a n M . b i p a r t i t u s ,

r o u g h l y t h e s i z e o f P r o t o p l a t y r h i n a r e n a e . T h e d e n t i c l e s m i g h t c o m e f r o m s h a r k s a n d / o r

s k a t e s a n d r a y s a n d p o s s i b l y e v e n f r o m c h i m a e r i d s , b u t b e c a u s e t h e r e h a s b e e n l i t t l e

i n t e r e s t i n d e r m a l d e n t i c l e s ( C a p p e t t a [ 1 9 8 7 ] a t t r i b u t e d t h i s l a c k o f i n t e r e s t t o t h e s m a l l

s i z e o f t h e d e n t i c l e s ) t h e r e i s v e r y l i t t l e c o m p a r a t i v e i n f o r m a t i o n a v a i l a b l e . A r e c e n t

s t u d y b y H e r m a n e t a l . ( 1 9 9 5 ) c o n c e n t r a t e d m o s t l y o n t e e t h b u t a l s o i n c l u d e d s o m e

i n f o r m a t i o n r e g a r d i n g d e r m a l d e n t i c l e s i n a s e r i e s o f p a p e r s o n t h e B a t o m o r p h i i . A
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f a u n a l s t u d y b y D e s l a t e e t a l . ( 2 0 0 2 ) e x a m i n e d d e r m a l d e n t i c l e s t h a t a r e b e l i e v e d t o

b e l o n g t o s h a r k s a n d c h i m a e r o i d s . H o w e v e r , d e r m a l d e n t i c l e s i d e n t i fi e d i n t h e s e s t u d i e s

d i d n o t c o r r e s p o n d w i t h a n y o f t h e m a t e r i a l c o l l e c t e d i n t h e c u r r e n t s t u d y .

D i s c u s s i o n - D e r m a l d e n t i c l e s c o l l e c t e d f r o m t h e G r e e n h o r n C y c l o t h e m i n A r i z o n a

( W i l l i a m s o n e t a l . , 1 9 9 3 ) w e r e s e p a r a t e d i n t o fi v e c a t e g o r i e s ( t y p e s A - E ) b a s e d o n

d i f f e r e n t m o r p h o l o g i e s . S o m e o f t h e u n i d e n t i f i e d d e n t i c l e s i n t h i s J R F c o l l e c t i o n

s u p e r fi c i a l l y r e s e m b l e s o m e o f t h e G r e e n h o r n d e r m a l d e n t i c l e s ( t y p e s A a n d B ) — n a m e l y

t h e “ k i n k e d ” c o n e d e r m a l d e n t i c l e s . W i l l i a m s o n e t a l . ( 1 9 9 3 ) w e r e n o t a b l e t o i d e n t i f y

t h e d e r m a l d e n t i c l e s a n y f u r t h e r d u e t o l a c k o f a s s o c i a t e d t e e t h . B y d r a w i n g o n C a s e

( 1 9 7 8 a ) a n d C a p p e t t a ( 1 9 8 7 ) , W i l l i a m s o n e t a l . c o n j e c t u r e d t h a t t h e m a j o r i t y o f t h e

d e r m a l d e n t i c l e s w e r e b a t o i d i n o r i g i n , p o s s i b l y f r o m b a t o i d s f o u n d i n t h e i r s t u d y

( I s c h y r h i z a a v o n i c o l a , I . m i r a , I . s c h n e i d e r i , O n c h o p r i s t i s d u n k l e i , P t y c h o t r y g o n

t r i a n g u l a r i s , P r o t o p l a t y r h i n a h o p i i , a n d P s e u d o h y p o l o p h u s m c n u l t y i ) ( W i l l i a m s o n e t a l . ,

1 9 9 3 ) . A s i m i l a r c o n c l u s i o n m a y b e d r a w n f o r t h e J R F a s t h e d e r m a l d e n t i c l e s a r e n o t

a s s o c i a t e d w i t h a n y p a r t i c u l a r t e e t h a n d s e e m m o r e b a t o i d i n a p p e a r a n c e w h e n c o m p a r e d

t o t h e c u r r e n t l i t e r a t u r e .

A d d i t i o n a l s t u d i e s b y G r a v e n d e e l e t a l . ( 2 0 0 2 ) , D e s l a t e e t a l . ( 2 0 0 2 ) , D e y n a t a n d S é r e t

( 1 9 9 6 ) , a n d D e y n a t ( 1 9 9 8 a n d 2 0 0 0 a - b ) h a v e d e v e l o p e d n e w t e r m i n o l o g y t o d e s c r i b e t h e

w i d e r a n g e o f v a r i e t i e s a n d m o r p h o l o g i e s s e e n i n d e r m a l d e n t i c l e s . T h e a i m i n t h e s e

s t u d i e s h a s b e e n t o t r y t o d e v e l o p a n o m e n c l a t u r e f o r t h e d e r m a l d e n t i c l e s a s f o r t e e t h f o r

t a x o n o m i c a n d i d e n t i f y i n g p u r p o s e s . G r a v e n d e e l e t a 1 . ( 2 0 0 2 ) h a s g o n e s o f a r a s t o
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d e v e l o p a d i c h o t o m o u s k e y f o r r e c e n t s k a t e s a n d r a y s o f t h e N o r t h S e a r e g i o n . H o w e v e r ,

a s i m i l a r p r o b l e m e x i s t s f o r d e r m a l d e n t i c l e s a s w i t h s h a r k t e e t h , h e t e r o d o n t y . D e s p i t e

t h e a d v a n c e s b e i n g m a d e i n t h e s t u d y o f d e r m a l d e n t i c l e s , d e n t i c l e s i d e n t i fi e d i n t h e s e

w o r k s d i d n o t c o r r e s p o n d w i t h a n y o f t h e m a t e r i a l c o l l e c t e d h e r e .

D i v i s i o n T E L E O S T E I s e n s u A r r a t i a , 1 9 9 9

S u p e r c o h o r t E L O P O M O R P H A G r e e n w o o d e t a l . , 1 9 6 6

O r d e r E L O P I F O R M E S G r e e n w o o d e t a l . , 1 9 6 6

F a m i l y P H Y L L O D O N T I D E A D a r t e v e l l e a n d C a s i e r , 1 9 4 3

G e n u s P A R A L B U I A B l a k e , 1 9 4 0

P A R A L B U L A C A S E ] E s t e s , 1 9 6 9 a

F i g u r e s 5 3 a - b

M a t e r i a l — J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t S M M P 2 0 0 3 : 8 : 2 4 . 1

p a r t i a l p h a r y n g e a l t o o t h p l a t e .

D e s c r i p t i o n - F i r s t d e s c r i b e d b y E s t e s ( 1 9 6 9 a ) ; t e e t h a r e s e t i n a p h a r y n g e a l t o o t h p l a t e

t h a t i s fl a t t e n e d a n d b e a r s 2 t o 3 l a y e r s o f t e e t h . T h e i n d i v i d u a l t e e t h a r e h e m i s p h e r i c a l

a n d a p p r o x i m a t e l y 1 . 0 m m i n d i a m e t e r . T h e p a r t i a l t o o t h p l a t e h e r e e x h i b i t s a l l f e a t u r e s

l i s t e d .

D i s c u s s i o n - T h e t y p e s p e c i m e n w a s d i s c o v e r e d b y C a s e a n d l a t e r n a m e d f o r h i m b y

E s t e s ( 1 9 6 9 a ) , f r o m t h e t y p e l o c a l i t y R e s e r v o i r C r e e k ( a t r i b u t a r y o f R a m e n e s s o n B r o o k ) ,

H a r d i n g F a r m , H o l m d e l , M o n m o u t h C o u n t y , N e w J e r s e y . T h e k n o w n r a n g e o f

P a r a l b u l a c a s e i i s L a t e C r e t a c e o u s o f M o n t a n a ( i n t h e J R F b y C a s e , 1 9 7 8 a ) , A l b e r t a ,

N e w J e r s e y , a n d N o r t h C a r o l i n a ( R o b b , 1 9 8 9 ) , a n d i n t h e e a r l y E o c e n e o f E n g l a n d ( E s t e s ,

1 9 6 9 a )
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I n f r a c l a s s A R C H O S A U R I A C o p e , 1 8 6 9

S u p e r o r d e r C R O C O D Y L O M O R P H A W a l k e r , 1 9 7 0

O r d e r C R O C O D Y L I F O R M E S H a y , 1 9 3 0

M a t e r i a l - J u d i t h R i v e r F o r m a t i o n , W o o d h a w k B o n e b e d : l o t S M M P 2 0 0 3 : 8 : 2 7 . 2 t e e t h .

S M M P 9 9 : 8 1 2 3 1 . 1 t o o t h . P o w e r P l a n t F e r r y B o n e b e d : l o t S M M P 2 0 0 6 : 1 3 : 2 1 . 1 t o o t h .

D e s c r i p t i o n - T h e c r o c o d i l e t e e t h c o l l e c t e d a r e a p p r o x i m a t e l y 1 0 . 0 m m i n h e i g h t . T h e y

a r e c o n i c a l i n s h a p e w i t h f a i n t t r a c e s o f c a r i n a e , a c h a r a c t e r o f m a n y a r c h o s a u r t e e t h .

D i s c u s s i o n - T h e c r o c o d i l e t e e t h c o l l e c t e d w e r e t h e o n l y i d e n t i fi a b l e n o n - fi s h s p e c i m e n s

r e c o v e r e d i n t h i s c o l l e c t i o n . C r o c o d i l i a n m a t e r i a l w a s a m o n g t h e fi r s t f o s s i l s d e s c r i b e d

f r o m t h e J R F ( L e i d y , 1 8 5 6 a ) .

A D D I T I O N A L M A T E R I A L

A d d i t i o n a l m a t e r i a l f r o m t h e t w o b o n e b e d s ( W H a n d P P F ) c o n s i s t s o f p i e c e s o f p r i s m a t i c

c a r t i l a g e . F i v e p i e c e s w e r e r e t r i e v e d f r o m W H ( S M M P 2 0 0 3 : 8 : 2 0 ) a n d P P F y i e l d e d 2 5

p i e c e s ( S M M P 2 0 0 6 : 1 3 : 1 8 ) . P r i s m a t i c c a r t i l a g e h a s a s t i p p l e d t e x t u r e r a t h e r l i k e t h a t o f a

b a s k e t b a l l . P r e s e r v e d c a r t i l a g e i n d i c a t e s p a l e o e n v i r o n m e n t a l c o n d i t i o n s w e r e f a v o r a b l e

e n o u g h f o r fi n e p r e s e r v a t i o n o f v e r y d e l i c a t e m a t e r i a l . S h a r k t o o t h f r a g m e n t s ( c o n s i s t i n g

o f c u s p s , c u s p l e t s , r o o t s , e t c . ) f r o m b o t h W H ( S M M P 2 0 0 3 : 8 : 2 2 , l o t o f 1 8 8 f r a g m e n t s

a n d S M M P 9 9 2 8 1 2 1 1 , l o t o f 3 5 f r a g m e n t s ) a n d P P F ( S M M P 2 0 0 6 : 1 3 : 2 0 , l o t o f 1 1 9

f r a g m e n t s ) , m o s t l i k e l y c o n s i s t i n g o f H y p o t o d u s s p . , A r c h a e o l a m n a s p . , I s c h y r h i z a s p . ,

a n d t e l e o s t fi s h e s w e r e a l s o g a t h e r e d f r o m t h e b u l k s a m p l e s a n d s c r e e n e d m a t e r i a l . S o m e

m a t e r i a l m a y b e r e f e r a b l e t o E n c h o d u s f r o m b o t h W H ( S M M P 2 0 0 3 : 8 : 2 6 , l o t 3 p a r t i a l

t e e t h a n d S M M P 9 9 2 8 1 2 1 4 , l o t o f 5 p a r t i a l t e e t h ) a n d P P F ( S M M P 2 0 0 6 : 1 3 : 2 2 2 1 , l o t o f 3

7 7



p a r t i a l t e e t h ) . A d d i t i o n a l m a t e r i a l a l s o i n c l u d e s C h o n d r i c h t h y a n a n d t e l e o s t c e n t r a f r o m

b o t h W H ( S M M P 2 0 0 3 : 8 : 1 9 2 1 - 4 , l o t o f 6 4 4 c e n t r a ) a n d P P F ( S M M P 2 0 0 6 : 1 3 : 1 7 , l o t o f

3 4 9 c e n t r a ) w i t h c e n t r a r a n g i n g f r o m l e s s t h a n 1 . 0 m m i n d i a m e t e r t o 1 0 . 0 m i l l i m e t e r s i n

d i a m e t e r . S o m e c o n t a i n f e n e s t r a t i o n s , a n d f o r a m i n a , a l l a r e c i r c u l a r i n s h a p e a n d

a m p h i c o e l o u s . T h e c e n t r a w e r e n o t i d e n t i fi e d a s m o s t w e r e v e r y f r a g i l e a n d c o v e r e d w i t h

m a t r i x .

T h e r e a r e a d d i t i o n a l t e l e o s t t e e t h t h a t a r e c u r r e n t l y u n i d e n t i fi a b l e a n d m a y n o t b e

i d e n t i fi a b l e d u e t o l a c k o f d i a g n o s t i c f e a t u r e s . T e e t h w e r e r e c o v e r e d f r o m W H ( S M M

P 2 0 0 3 : 8 : 2 5 2 1 , l o t o f 1 9 t e e t h ) t h a t a r e e l o n g a t e a n d t a p e r t o a s h a r p p o i n t w i t h s i z e s o f u p

t o 2 . 0 o r 3 . 0 m m i n l e n g t h . T h e t e e t h l a c k d i a g n o s t i c f e a t u r e s . T h e o t h e r m o r p h o t y p e o f

t e l e o s t t e e t h a r e r o u n d e d c a p s l e s s t h a n 1 . 0 m m i n d i a m e t e r t o a p p r o x i m a t e l y 2 . 0 m m i n

d i a m e t e r . T h e r e a r e n o o t h e r f e a t u r e s o n t h e t e e t h t h a t c a n b e u s e d i n i d e n t i f y i n g t h e m

( a l s o f r o m W H , S M M P 2 0 0 3 : 8 : 2 5 2 2 , l o t o f 3 5 t e e t h a n d S M M P 9 9 : 8 1 : 1 6 , l o t o f 1 t o o t h ) .

F i n a l l y , m i s c e l l a n e o u s f r a g m e n t s w e r e r e c o v e r e d f r o m b o t h b o n e b e d s . U n d i f f e r e n t i a t e d

m a t e r i a l ( a m i x o f t e e t h , c e n t r a , a n d b o n e f r o m s h a r k , s k a t e , r a y , t e l e o s t , a n d p e r h a p s

r e p t i l e a n d t u r t l e ) f r o m t h e W H s i t e ( S M M P 9 9 : 8 1 : 1 2 ) a n d f r o m t h e P P F s i t e ( S M M

P 2 0 0 6 : 1 3 : 2 7 ) , a n d s m a l l e r u n s o r t e d f r a g m e n t s o f s i m i l a r c o m p o s i t i o n ( S M M

P 2 0 0 6 : 1 3 : 3 4 ) , w e r e s e p a r a t e d f r o m t h e i d e n t i f i a b l e m a t e r i a l . P o t e n t i a l s h a r k s p i n e s

( S M M P 2 0 0 6 : 1 3 : 2 5 , l o t o f 6 s p i n e ? s h a r k p i e c e s ) , p o s s i b l e t u r t l e m a t e r i a l , ( S M M

P 2 0 0 6 : 1 3 : 2 6 , l o t o f 4 8 t u r t l e ( ? ) p i e c e s ) , a n d u n i d e n t i fi e d b o n e s ( S M M P 2 0 0 6 : 1 3 : 2 8 , l o t

o f 5 b i g b o n e p i e c e s ) w e r e a l s o r e c o v e r e d f r o m P P F .
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2 7 a . 2 7 1 3 - 2 7 c .

F i g u r e 2 7 . D r a w i n g s o f H y b o d u s m o n t a n e n s i s t o o t h ( a . o c c l u s a l v i e w , b . l a b i a l v i e w ,

c . l i n g u a l V i e w ) , S M M P 2 0 0 3 : 8 : 6 : 1 . S c a l e b a r = 1 . 0 m m a - c .
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F i g u r e 2 8 . A n t e r i o r t o o t h d r a w i n g s o f C r e t o r e c t o l o b u s o l s o n i ( a . o c c l u s a l v i e w , b .
l a b i a l v i e w , c . l i n g u a l V i e w ) , S M M P 2 0 0 3 : 8 : 1 0 2 1 . S E M S o f a n t e r o — l a t e r a l t e e t h o f

C r e t o r e c t o l o b u s o l s o n i ( d . l a b i a l v i e w , C . l i n g u a l V i e w ) , S M M P 2 0 0 3 : 8 : 1 0 : 2 a n d ( f .

o c c l u s a l v i e w , g . l a b i a l - b a s a l v i e w ) , S M M P 2 0 0 3 : 8 : 1 0 : 3 . S c a l e b a r = 1 . 0 m m f o r a — g .

8 0



 

2 9 3 . 2 9 b .

 

2 9 c . 2 9 d .

 

2 9 e . 2 9 f .

F i g u r e 2 9 . D r a w i n g s o f S q u a l i c o r a x k a u p i l a t e r a l t e e t h ( a . l i n g u a l v i e w , b . l a b i a l

v i e w ) , S M M P 2 0 0 3 : 8 : 1 2 1 , ( c . l i n g u a l v i e w , ( 1 . l a b i a l v i e w ) S M M P 2 0 0 3 : 8 : 1 2 2 , a n d ( e .

l i n g u a l v i e w , f . l a b i a l v i e w ) , S M M P 2 0 0 3 : 8 : 1 2 3 . S c a l e b a r = 5 . 0 m m a - f .

8 1



1
3 0 a . 3 0 b .

u

3 0 0 . 3 0 d .

F i g u r e 3 0 . D r a w i n g s o f S q u a l i c o r a x s p . , c f . S . k a u p i t e e t h ( a . l i n g u a l v i e w , b . l a b i a l

v i e w ) , S M M P 2 0 0 3 : 8 : 2 a n d ( c . l i n g u a l v i e w , ( 1 . l a b i a l v i e w ) , S M M P 2 0 0 6 : 1 3 : 2 . S c a l e

b a r = 1 . 0 m m a — d .

8 2



3 1 a . 3 1 b .

 

3 1 C . 3 1 d .

F i g u r e 3 1 . D r a w i n g s o f S q u a l i c o r a x p r i s t o d o n t u s t e e t h ( a . l i n g u a l v i e w , b . l a b i a l

v i e w ) , S M M P 2 0 0 6 : 1 3 : 3 : 1 a n d ( c . l i n g u a l v i e w , ( 1 . l a b i a l v i e w ) , S M M P 2 0 0 6 : 1 3 : 3 : 2 .

S c a l e b a r = 5 . 0 m m a - d .
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3 2 3 . 3 2 b .

  
3 2 f .

3 2 c .

F i g u r e 3 2 . D r a w i n g s o f H y p o t o d u s g r a n d i s t e e t h ( a . l i n g u a l v i e w , b . l a b i a l v i e w ) , S M M

P 2 0 0 3 : 8 : 3 : 1 , ( c . l i n g u a l v i e w , ( 1 . l a b i a l v i e w ) , S M M P 2 0 0 3 : 8 : 3 : 2 , a n d ( e . l i n g u a l v i e w , f .

l a b i a l v i e w ) , S M M P 2 0 0 6 : 1 3 2 4 2 1 . S c a l e b a r = 1 . 0 m m a - f .

8 4



 
F i g u r e 3 3 . S E M S o f H y p o t o d u s g r a n d i s t e e t h ( a . l i n g u a l v i e w , b . l a b i a l v i e w , c . c l o s e - u p
o f p l i c a t i o n s o n l a b i a l f a c e ) , S M M P 2 0 0 3 : 8 : 3 : 2 a n d ( d . l i n g u a l v i e w , e . l a b i a l v i e w ) ,
S M M P 2 0 0 3 : 8 : 3 : 3 . S c a l e b a r = 1 . 0 m m f o r a — b , d - e a n d 0 . 1 m m f o r c .

8 5



 
3 4 a . 3 4 b .

 

3 4 C . 3 4 d .

F i g u r e 3 4 . D r a w i n g s o f H y p o t o d u s s p . t e e t h ( a . l i n g u a l - v i e w , b . l a b i a l v i e w ) , S M M

P 2 0 0 3 : 8 : 4 : 1 a n d H y p o t o d u s s p . t e e t h ( c . l i n g u a l v i e w , d . l a b i a l v i e w ) , S M M

P 2 0 0 3 : 8 : 5 2 1 . S c a l e b a r = 1 . 0 m m f o r a - d .
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3 5 a . 3 5 b .

  
3 5 C . 3 5 d .

 

fl
3 5 e . 3 5 f .

F i g u r e 3 5 . D r a w i n g s o f A r c h a e o l a m n a k o p i n g e n s i s t e e t h : a l m o s t p r i s t i n e a n t e r i o r t o o t h
( a . l i n g u a l v i e w , b . l a b i a l v i e w ) , S M M P 2 0 0 3 : 8 : 7 2 1 . A l m o s t p r i s t i n e a n t e r i o r t o o t h
w i t h p a t c h y c o l o r a t i o n ( c . l i n g u a l v i e w , d . l a b i a l v i e w ) , S M M P 2 0 0 3 : 8 : 7 z 2 . A l m o s t
p r i s t i n e l a t e r a l t o o t h ( e . l i n g u a l v i e w , f . l a b i a l v i e w ) , S M M P 2 0 0 3 : 8 : 7 z 3 . S c a l e b a r =

5 . 0 m m .
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3 6 b .

 
3 6 c . 3 6 d .

 

3 6 e . 3 6 f .

F i g u r e 3 6 . D r a w i n g s o f A r c h a e o l a m n a k o p i n g e n s i s t e e t h . P r i s t i n e b u t c r o w n t i p
b r o k e n l a t e r a l t o o t h ( a . l i n g u a l v i e w , b . l a b i a l v i e w ) , S M M P 2 0 0 3 : 8 2 7 2 4 . A l m o s t

p r i s t i n e l a t e r a l t o o t h w i t h m i n i m a l l y a b r a d e d r o o t ( 0 . l i n g u a l v i e w , ( 1 . l a b i a l v i e w ) ,
S M M P 2 0 0 3 : 8 : 7 2 5 . A l m o s t p r i s t i n e p o s t e r i o r t o o t h ( e . l i n g u a l v i e w , f . l a b i a l v i e w ) ,
S M M P 2 0 0 3 : 8 : 7 2 6 . S c a l e b a r = 1 . 0 m m a — b a n d 5 m m c - f .
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‘

3 7 a . 3 7 b .

gI3 7 c . 3 7

 
X
.

3 7 e . 3 7 f .

F i g u r e 3 7 . D r a w i n g s o f A r c h a e o l a m n a k o p i n g e n s i s t e e t h . P r i s t i n e b u t b r o k e n t i p
p o s t e r i o r t o o t h ( a . l i n g u a l V i e w , b . l a b i a l v i e w ) , S M M P 2 0 0 3 : 8 : 7 z 7 . A l m o s t p r i s t i n e
p o s t e r i o r t o o t h ( c . l i n g u a l v i e w , d . l a b i a l v i e w ) , S M M P 2 0 0 3 : 8 : 7 : 8 . P r i s t i n e a n t e r i o r
t o o t h ( e . l i n g u a l v i e w , f . l a b i a l v i e w ) , S M M P 2 0 0 6 : 1 3 : 7 : 1 . S c a l e b a r = 1 . 0 m m a - d a n d

S l ) n u n < > £
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3 8 a . 3 8 b .

  
3 8 c . 3 8 d .

F i g u r e 3 8 . D r a w i n g s o f A r c h a e o l a m n a k o p i n g e n s i s t e e t h . P r i s t i n e ( b u t b r o k e n )
a n t e r i o r t o o t h ( a . l i n g u a l v i e w , b . l a b i a l v i e w ) , S M M P 2 0 0 6 : 1 3 : 7 : 2 . P r i s t i n e a n t e r i o r
t o o t h w i t h p a t c h y c o l o r a t i o n ( c . l i n g u a l v i e w , d . l a b i a l v i e w ) , S M M P 2 0 0 6 : 1 3 : 7 : 3 .
S c a l e b a r = 5 . 0 m m a d

9 0



 
3 9 a . 3 9 b .

  
3 9 c . 3 9 d .

F i g u r e 3 9 . D r a w i n g s o f C r e t o l a m n a a p p e n d i c u l a t a t e e t h ( a . l i n g u a l v i e w , b . l a b i a l
v i e w ) , S M M P 2 0 0 3 : 8 : 9 : l a n d ( c . l i n g u a l v i e w , d . l a b i a l v i e w ) , S M M P 2 0 0 6 : 1 3 : 9 : 1 .

S c a l e b a r = 5 . 0 m m a - d .

9 1



$

4 0 a . 4 0 b .

m . 4
‘ N

4 0 0 4 0 d .
t

4 0 e . 4 0 f .

F i g u r e 4 0 . D r a w i n g s o f P r o t o l a m n a s o k o l o v i t e e t h ( a . l i n g u a l v i e w , b . l a b i a l v i e w ) ,
S M M P 2 0 0 3 : 8 : 8 : ] , ( c . l i n g u a l v i e w , d . l a b i a l v i e w ) , S M M P 2 0 0 3 : 8 : 8 : 2 , a n d ( e . l i n g u a l

v i e w , f . l a b i a l v i e w ) , S M M P 2 0 0 6 : 1 3 : 8 : 1 . S c a l e b a r = 1 . 0 m m a - f .

9 2



4 1 a . 4 1 b .

 

F i g u r e 4 1 . D r a w i n g s o f P r o t o l a m n a s o k o l o v i t e e t h ( a . l i n g u a l v i e w , b . l a b i a l v i e w ) ,
S M M P 2 0 0 6 : 1 3 : 8 : 2 . S E M s o f P r o t o l a m n a s o k o l o v i t o o t h ( c . l i n g u a l v i e w , ( 1 . l a b i a l
v i e w ) , S M M P 2 0 0 3 : 8 : 8 : 3 . S c a l e b a r = 1 . 0 m m a — d .

9 3



 o l

 

4 2 a . 4 2 b .

. 1 4
a ? " 4 1

4 2 c . 4 2 d .

F i g u r e 4 2 . D r a w i n g s o f A r c h a e o t r i a k i s r o c h e l l e a e t e e t h ( a . l i n g u a l v i e w , b . l a b i a l
v i e w ) , S M M P 2 0 0 6 : 1 3 : 2 3 : 1 a n d ( c . l i n g u a l v i e w , ( 1 . l a b i a l v i e w ) , S M M P 2 0 0 6 : 1 3 : 2 3 2 2 .

S c a l e b a r = 1 . 0 m m a - d .

9 4



 
F i g u r e 4 3 . D r a w i n g s o f P r o t o p l a t y r h i n a r e n a e t e e t h ( a . o c c l u s a l v i e w , b . b a s a l v i e w ) ,
S M M P 2 0 0 3 : 8 : 1 1 : 1 ; ( c . o c c l u s a l v i e w , ( 1 . b a s a l V i e w ) , S M M P 2 0 0 3 : 8 : 1 1 2 2 ;

( o b l o n g / o v a l s h a p e ) ( e . o c c l u s a l v i e w , f . b a s a l v i e w ) , S M M P 2 0 0 6 : 1 3 : 1 1 : 1 ;

( o b l o n g / o v a l s h a p e ) ( g . o c c l u s a l v i e w , h . b a s a l v i e w ) , S M M P 2 0 0 6 : 1 3 : 1 1 : 2 , a n d ( i .
p r o fi l e v i e w ) , S M M P 2 0 0 6 : 1 3 : 1 1 : 3 . S E M S o f P r o t o p l a t y r h i n a r e n a e t e e t h ( e . o c c l u s a l
V i e w , f . b a s a l v i e w ) , S M M P 2 0 0 3 : 8 : 1 1 : 3 ; ( g . o c c l u s a l v i e w , h . b a s a l v i e w ) S M M

P 2 0 0 3 : 8 : l l z 4 . S c a l e b a r = 1 . 0 m m f o r a - k a n d 0 . 5 m m f o r l - m .
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4 4 g . 4 4 h . 4 4 1 .

F i g u r e 4 4 . D r a w i n g s o f P r o t o p l a t y r h i n a r e n a e ( w e a k s i d e d s h a p e ) t o o t h ( a . o c c l u s a l
v i e w , b . b a s a l v i e w ) , S M M P 2 0 0 3 : 8 : 1 1 : 1 3 . D r a w i n g s o f P r o t o p l a t y r h i n a r e n a e
( o b l o n g / o v a l s h a p e ) t o o t h ( c . o c c l u s a l v i e w , d . b a s a l v i e w ) , S M M P 2 0 0 3 : 8 : 1 1 : 1 0 .

S E M S o f P r o t o p l a t y r h i n a r e n a e ( o b l o n g / o v a l s h a p e ) t o o t h ( e . o c c l u s a l v i e w , f . b a s a l
v i e w ) , S M M P 2 0 0 3 2 8 2 1 1 2 1 1 . D r a w i n g s o f P r o t o p l a t y r h i n a r e n a e d e r m a l d e n t i c l e s ( g .
o c c l u s a l V i e w , h . p r o fi l e v i e w ) , S M M P 2 0 0 3 : 8 : 1 1 : 1 5 a n d ( i . o c c l u s a l v i e w ) , S M M

P 2 0 0 6 : 1 3 2 1 1 2 6 . S c a l e b a r = 1 . 0 m m a — d , a n d g - i , a n d 0 . 5 m m f o r e - f .
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  4 5 a .

F i g u r e 4 5 . S E M S o f S q u a t i r h i n a s p . t o o t h ( a . o c c l u s a l , b . l a t e r a l / b a s a l v i e w ) , S M M
P 2 0 0 3 : 8 : 1 3 2 1 . S c a l e b a r = 1 . 0 m m a - b .

 

4 6 a . 4 6 b . 4 6 C -

F i g u r e 4 6 . D r a w i n g s o f I s c h y r h i z a m i r a r o s t r a l t e e t h ( a - c , r o s t r a l t e e t h ) , S M M

P 2 0 0 3 : 8 : 1 4 2 1 , S M M P 2 0 0 3 : 8 : 1 4 2 2 , S M M P 2 0 0 3 : 8 : 1 4 2 3 . S c a l e b a r = 5 . 0 m m a — c .
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4 7 3 - 4 7 b .

 

F i g u r e 4 7 . D r a w i n g s o f P t y c h o t r y g o n h o o v e r i t o o t h ( a . o c c l u s a l V i e w , b . b a s a l v i e w ) ,
S M M P 2 0 0 3 2 8 2 1 5 2 1 . S E M S o f P r y c h o t r y g o n h o o v e r i t o o t h ( c . o c c l u s a l V i e w , d . b a s a l

v i e w ) , S M M P 2 0 0 3 : 8 : 1 5 : 2 . S c a l e b a r = 1 . 0 m m a - b a n d 0 . 5 m m f o r c - d .

  
4 8 a - 4 8 b .

F i g u r e 4 8 . D r a w i n g s o f P t y c h o t r y g o n t r i a n g u l a r i s t o o t h ( a . o c c l u s a l v i e w , b . b a s a l
v i e w ) , S M M P 2 0 0 3 : 8 : 1 6 : 1 . S c a l e b a r = 1 . 0 m m a — b .
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F i g u r e 4 9 . D r a w i n g s o f S c l e r o r h y n c h i d a e t o o t h ( a . o c c l u s a l v i e w , b . b a s a l v i e w , c .
l i n g u a l v i e w , ( 1 . l a b i a l v i e w ) , S M M P 2 0 0 3 : 8 : 1 7 : 1 . S E M S o f S c l e r o r h y n c h i d a e t o o t h ( e .
o c c l u s a l v i e w , f . b a s a l v i e w ) , S M M P 2 0 0 3 : 8 : 1 7 : 2 . S c a l e b a r = 1 . 0 m m a — f .

9 9



 
F i g u r e 5 0 . S E M S o f S c l e r o r h y n c h i d a e t e e t h ( a . o c c l u s a l v i e w , b . b a s a l V i e w ) , S M M

P 2 0 0 3 : 8 : 1 7 : 3 a n d ( c . l a b i a l v i e w ) , S M M P 2 0 0 3 : 8 : 1 7 : 4 . S c a l e b a r = 1 . 0 m m a — b a n d

0 . 5 m m f o r c .



 
@ 0 A

5 1 f . 5 1 g - 5 1 h -

F i g u r e 5 1 . D r a w i n g s o f M y l e d a p h u s b i p a r t i t u s t o o t h ( a . o c c l u s a l v i e w , b . b a s a l v i e w ,
c . l a t e r a l v i e w ) , S M M P 2 0 0 3 : 8 : 1 8 2 l . S E M S o f M y l e d a p h u s b i p a r t i t u s t o o t h ( d .
o c c l u s a l v i e w , 6 . b a s a l v i e w ) , S M M P 2 0 0 3 : 8 : 1 8 : 2 . D r a w i n g o f M y l e d a p h u s b i p a r t i t u s
t o o t h ( f . l a t e r a l v i e w ) , S M M P 2 0 0 6 : 1 3 : 1 6 2 1 . D r a w i n g s o f d e r m a l d e n t i c l e o f M .
b i p a r t i t u s ( g . o c c l u s a l v i e w , h . l a t e r a l v i e w ) , S M M P 2 0 0 3 : 8 : 1 8 : 4 . S c a l e b a r = 1 . 0 m m

a — d , f , 0 . 5 m m e , a n d 5 . 0 m m f o r g - h .

1 0 1



 

 

5 2 .

F i g u r e 5 2 . D r a w i n g o f p a r t i a l I s c h y o d u s ( c h i m a e r i d ) t o o t h p l a t e , S M M P 2 0 0 3 : 8 : 2 3 : 1 .
S c a l e b a r = 5 . 0 m m .

 
5 3 a . 5 3 b .

F i g u r e 5 3 . D r a w i n g s o f P a r a l b u l a c a s e i p h a r y n g e a l t o o t h p l a t e ( a . o c c l u s a l v i e w , b .
b a s a l v i e w ) , S M M P 2 0 0 3 : 8 : 2 4 . S c a l e b a r = 1 . 0 m m a - b .
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C H A P T E R T H R E E

B I O G E O G R A P H Y O F C O N T E M P O R A N E O U S F A U N A S I N T H E W E S T E R N
I N T E R I O R S E A W A Y , N O R T H A M E R I C A

T h e J u d i t h R i v e r F o r m a t i o n ( J R F ) f a u n a i n t h i s s t u d y i s m o d e r a t e l y d i v e r s e , c o n s i s t i n g o f

1 8 d i f f e r e n t t a x a f r o m t h e W o o d h a w k B o n e b e d ( W H ) . M o s t o f t h e t a x a a r e i d e n t i fi a b l e

t o t h e s p e c i e s l e v e l b u t s o m e o n l y t o t h e g e n e r i c o r f a m i l i a l l e v e l . T h e P o w e r P l a n t F e r r y

B o n e b e d ( P P F ) c o n s i s t s o f 1 6 d i f f e r e n t t a x a , a g a i n w i t h m o s t o f t h e t a x a i d e n t i fi a b l e t o

s p e c i e s b u t a f e w o n l y t o t h e g e n u s o r f a m i l y . T h e c o m b i n e d f a u n a o f t h e p r e s e n t s t u d y

a n d C a s e ’ s w o r k ( 1 9 7 8 a a n d 1 9 7 9 ) c o n s i s t s o f 2 6 - 2 8 i d e n t i fi a b l e t a x a . T o g e t h e r , t h e W H

a n d P P F b o n e b e d f a u n a s a r e m o s t l y l a m n i f o r m s a n d r a j i f o r r n s t h a t i n h a b i t e d a s h a l l o w

m a r i n e / e s t u a r i n e e n v i r o n m e n t o f t h e W e s t e r n I n t e r i o r S e a w a y ( W I S ) . S o m e o f t h e s e

s p e c i e s a r e t y p i c a l l y c o n s i d e r e d c o s m o p o l i t a n w i t h a w i d e g e o g r a p h i c s p r e a d , w h i l e

o t h e r s a r e r e s t r i c t e d t o N o r t h A m e r i c a o r t o t h e J R F o f M o n t a n a . T h e W H a n d P P F

f a u n a s r e p r e s e n t a r a t h e r t y p i c a l C h o n d r i c h t h y a n c o m m u n i t y a n d c a n b e c o m p a r e d t o a

n u m b e r o f o t h e r c o n t e m p o r a r y f a u n a s f r o m t h e L a t e C r e t a c e o u s W I S . V e r y l i t t l e w o r k

h a s b e e n d o n e o n b i o g e o g r a p h y o f c h o n d r i c h t h y a n s . I n f a c t , a n y s t u d i e s d o n e h a v e b e e n

q u a l i t a t i v e i n n a t u r e t o d a t e ( C h i p l o n k a r a n d B a d v e , 1 9 6 8 ; A n t u n e s , 1 9 7 2 ; S o l e r - G i j o n

a n d L o p e z - M a r t i n e z , 1 9 9 8 ; C a v i n e t a 1 , 2 0 0 0 ; U n d e r w o o d a n d R e e s , 2 0 0 2 ; a n d C u n y a t

a l , 2 0 0 8 ) . T h i s w i l l b e t h e fi r s t q u a n t i t a t i v e s t u d y o f L a t e C r e t a c e o u s W I S

C h o n d r i c h t h y a n b i o g e o g r a p h y .
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I n i t i a l f a u n a l c o m p a r i s o n s w i t h i n t h e J R F

T h e C h o n d r i c h t h y a n f a u n a o f t h e J R F , M o n t a n a b a s e d o n S a h n i ( 1 9 7 2 ) , C a s e ( 1 9 7 8 a a n d

1 9 7 9 ) , a n d t h i s s t u d y i s b a s e d o n t h e t a x a l i s t e d i n T a b l e 1 . S a h n i ( 1 9 7 2 ) o n l y n o t e d a n

o c c u r r e n c e o f M y l e d a p h u s b i p a r t i t u s a s h i s s t u d y c o n c e n t r a t e d o n t e r r e s t r i a l t a x a . C a s e ’ s

w o r k ( 1 9 7 8 a a n d 1 9 7 9 ) l i s t s a t o t a l o f 1 9 s p e c i e s o f c h o n d r i c h t h y a n s , a n d o n e t a x o n

i d e n t i fi e d o n l y t o g e n u s . T h e p r e s e n t s t u d y h a s 2 0 t a x a ( 1 6 s p e c i e s , 3 i d e n t i fi e d o n l y t o

g e n u s , a n d 1 i d e n t i fi e d o n l y t o f a m i l y ) o f c h o n d r i c h t h y a n s . A p p r o x i m a t e l y h a l f o f t h e

t a x a f o u n d b y C a s e w e r e n o t p r e s e n t i n t h e W H o r P P F s a m p l e s , w h e r e a s s i x s p e c i e s o r

g e n e r a ( i g n o r i n g t h o s e t h a t h a v e a d e g r e e o f u n c e r t a i n t y i n i d e n t i fi c a t i o n ) c o l l e c t e d i n

t h o s e s a m p l e s a n d s t u d i e d h e r e a r e n e w f o r t h e J R F o f M o n t a n a . T h e s i x t a x a n e w t o t h e

J R F a r e S q u a l i c o r a x p r i s t o d o n t u s , C r e t o l a m n a a p p e n d i c u l a t a , P r o t o l a m n a s o k o l o v i ,

I s c h y r h i z a a v o n i c o l a , P t y c h o t r j y g o n h o o v e r i , P . t r i a n g u l a r i s , a n d t h e g e n u s S q u a t i r h i n a .

T h e p r i n c i p a l q u e s t i o n t h a t a r i s e s f r o m t h e s e d i f f e r e n c e s i s w h e t h e r t h e d i f f e r e n c e i n

t a x o n o m i c c o m p o s i t i o n i s d u e t o s a m p l i n g o r i n t r i n s i c a / b i o t i c f a c t o r s . P e r h a p s t h e r e h a s

b e e n m o r e s o r t i n g a n d m o r e c o n c e n t r a t i o n o f f o s s i l m a t e r i a l i n t h i s p a r t i c u l a r a r e a .

S a h n i ’ s ( 1 9 7 2 ) s o l e t a x o n w a s f r o m o n e s i t e i n t h e J R F . T h e s p e c i m e n s s t u d i e d b y C a s e

i n t h e l a t e 1 9 7 0 ’ s w e r e c o l l e c t e d f r o m 1 0 d i f f e r e n t s i t e s , e m p l o y i n g d i f f e r e n t m o d e s o f

c o l l e c t i o n f r o m c o l l e c t i n g fl o a t , t o d i r e c t l y s a m p l i n g s c o u r s o r l e n s e s ( a s i n t h i s s t u d y ) .

C a s e ’ s ( 1 9 7 8 a a n d 1 9 7 9 ) m a t e r i a l c o m e s l a r g e l y f r o m B l a i n e C o u n t y . T h e W H

s p e c i m e n s u s e d h e r e a r e a l l f r o m a l o c a l i t y o f f t h e W o o d h a w k C r e e k i n F e r g u s C o u n t y ,

s o u t h o f t h e M i s s o u r i R i v e r ( F i g u r e 2 5 ) . T h e P P F b u l k s a m p l e i s a l s o f r o m a s i n g l e

l o c a l i t y o f f o f P o w e r P l a n t F e r r y R o a d s o u t h o f t h e M i s s o u r i R i v e r ( F i g u r e 2 5 ) i n F e r g u s
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C o u n t y . T h e s c o u r s ( r e s i d u a l l a g d e p o s i t s ) f r o m w h i c h t h e t e e t h d e r i v e d r e p r e s e n t a n

a c c u m u l a t i o n o f f o s s i l s i n a h o l l o w s c o u r a t t h e b o t t o m o f a n e s t u a r y o r o t h e r s h a l l o w

m a r g i n a l m a r i n e s e t t i n g . U p o n f u r t h e r e x a m i n a t i o n , c l u s t e r a n a l y s i s a n d P a r s i m o n y

A n a l y s i s o f E n d e m i c i t y ( P A E ) ( b o t h d i s c u s s e d l a t e r ) o f t h e J R F a n d o t h e r f a u n a s

d e m o n s t r a t e t h a t t h e c o m b i n e d J R F f a u n a i s a h o m o g e n e o u s o n e a n d s i m i l a r t o m a n y

c o n t e m p o r a n e o u s f a u n a s f r o m t h e W I S .

B i o g e o g r a p h y o f E l a s m o b r a n c h s o f t h e W I S

C r e t a c e o u s e l a s m o b r a n c h s a r e k n o w n f r o m a n u m b e r o f U p p e r C r e t a c e o u s f o r m a t i o n s i n

w e s t e r n N o r t h A m e r i c a . C h i m a e r i d s a r e e x c l u d e d h e r e a s t h e y a r e s e l d o m r e f e r e n c e d i n

f a u n a l s t u d i e s . B a s e d o n t h e s i m i l a r g e o g r a p h y a n d s u b s t r a t e o f t h e p a l e o e n v i r o n m e n t s o f

o t h e r f a u n a s w i t h i n t h e W I S , i t i s h y p o t h e s i z e d t h a t t h e c o m b i n e d d a t a t o c r e a t e t h e J R F

f a u n a i s o f s i m i l a r s i z e a n d c o m p o s i t i o n t o t h o s e c o n t e m p o r a n e o u s f a u n a s i n t h e W I S . I t

i s a l s o h y p o t h e s i z e d t h a t t h e J R F f a u n a w i l l d i f f e r f r o m t h o s e f a u n a s t h a t a r e f r o m m o r e

d i s t a n t g e o g r a p h i c l o c a t i o n a n d l e s s s i m i l a r i n s u b s t r a t e r e fl e c t i n g p a l e o e n v i r o n m e n t s . I t

i s a l s o h y p o t h e s i z e d t h a t a n y f a u n a l d i f f e r e n c e s b e t w e e n d i f f e r e n t f a u n a s , b u t s p e c i fi c a l l y

b e t w e e n d i f f e r e n t s t u d i e s w i t h i n t h e s a m e f o r m a t i o n ( J R F ) a r e t h e r e s u l t o f l o c a l

p a l e o e n v i r o n m e n t a l d i f f e r e n c e s a n d n o t d u e t o s a m p l i n g . D a t a f r o m a n u m b e r o f

d i f f e r e n t s i t e s a n d f o r m a t i o n s t h a t f a l l w i t h i n t h e L a t e C r e t a c e o u s W I S o f N o r t h A m e r i c a

w e r e i n c l u d e d i n t h i s s t u d y f o r c o m p a r i s o n .
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B o u n d a r i e s f o r f a u n _ a l c o m p a r i s o n

F a u n a s a n d f o r m a t i o n s u t i l i z e d f o r c o m p a r i s o n d e r i v e f r o m t h e C e n o m a n i a n t o t h e

M a a s t r i c t h i a n , a n d f r o m A l b e r t a , S a s k a t c h e w a n , M o n t a n a , S o u t h D a k o t a , N o r t h D a k o t a ,

U t a h , W y o m i n g , N e b r a s k a , K a n s a s , C o l o r a d o , O k l a h o m a , A r i z o n a , N e w M e x i c o , a n d

T e x a s ( F i g u r e 5 4 ) . S t u d i e s o n t h e s e f a u n a ( s e e T a b l e 2 ) i n a d d i t i o n t o t h e J R F o f

M o n t a n a i n c l u d e : t h e H e l l C r e e k F o r m a t i o n ( M a a s t r i c h t i a n ) o f M o n t a n a ( E s t e s e t a l . ,

1 9 6 9 ) ; t h e L a n c e F o r m a t i o n ( L a t e M a a s t r i c h t i a n ) o f W y o m i n g ( E s t e s , 1 9 6 4 ) , t h e C a r l i l e

S h a l e ( T u r o n i a n ) ( E v e t t s , 1 9 7 9 ) , a n d t h e “ M e s a v e r d e ” F o r m a t i o n ( U p p e r C a m p a n i a n )

( C a s e , 1 9 8 7 ) o f W y o m i n g ; t h e C a r l i l e S h a l e ( T u r o n i a n ) ( C a p p e t t a , 1 9 7 3 a n d E v e t t s ,

1 9 7 9 ) a n d t h e G r e e n h o r n F o r m a t i o n ( m i d d l e C e n o m a n i a n t o m i d d l e T u r o n i a n )

( C i c i m u r r i , 2 0 0 1 ) o f S o u t h D a k o t a ; t h e H e l l C r e e k F o r m a t i o n ( M a a s t r i c h t i a n ) ( H o g a n s o n

a n d M u r p h y , 2 0 0 2 ) o f N o r t h D a k o t a ; t h e F o r t H a y s L i m e s t o n e M e m b e r o f t h e N i o b r a r a

C h a l k ( e a r l y C o n i a c i a n ) ( S h i m a d a , 1 9 9 6 ) a n d t h e B l u e H i l l M e m b e r o f t h e C a r l i l e S h a l e

( m i d d l e T u r o n i a n ) ( S h i m a d a , 2 0 0 6 ) o f K a n s a s ; t h e G r e e n h o r n L i m e s t o n e ( m i d d l e

C e n o m a n i a n ) o f C o l o r a d o ( S h i m a d a e t a l . , 2 0 0 6 ) ; t h e G r e e n h o r n C y c l o t h e m

( C e n o m a n i a n t o T u r o n i a n ) ( W i l l i a m s o n e t a l . , 1 9 9 3 ) o f A r i z o n a ; a n d m u l t i p l e l o c a l i t i e s

r e p r e s e n t i n g s e v e r a l f o r m a t i o n s c o v e r i n g t h e C e n o m a n i a n t o M a a s t r i c h t i a n ( C a p p e t t a a n d

C a s e , 1 9 7 5 b ; C a s e a n d C a p p e t t a , 1 9 9 7 ; C a p p e t t a a n d C a s e , 1 9 9 9 ; a n d W e l t o n a n d F a r i s h ,

1 9 9 3 ) o f T e x a s . F o r m a t i o n s i n C a n a d a i n c l u d e t h e J u d i t h R i v e r F o r m a t i o n ( C a m p a n i a n )

( B r i n k m a n , 1 9 9 0 ) a n d D i n o s a u r P a r k F o r m a t i o n ( u p p e r C a m p a n i a n ) ( B e a v a n a n d R u s s e l l ,

1 9 9 9 ) o f A l b e r t a , a n d t h e J u d i t h R i v e r F o r m a t i o n ( C a m p a n i a n ) ( E b e r t h e t a l . , 1 9 9 0 ) a n d

t h e N i o b r a r a F o r m a t i o n ( C o n i a c i a n ) ( C a s e e t a l . 1 9 9 0 ) o f S a s k a t c h e w a n . D a t a c o m p i l e d
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f r o m t h e s e f o r m a t i o n s a r e s u m m a r i z e d i n T a b l e 2 w i t h a g e n e r a l i z e d c o r r e l a t i o n o f

f o r m a t i o n s a n d u n i t s i n F i g u r e 5 5 t o a i d i n s p a t i a l a n d t e m p o r a l v i s u a l i z a t i o n .

S i m i l a r p a l e o e n v i r o n m e n t s

S t u d i e s b y E s t e s ( 1 9 6 4 ) o n t h e L a n c e F o r m a t i o n o f W y o m i n g , E s t e s e t a l . ( 1 9 6 9 ) o n t h e

H e l l C r e e k F o r m a t i o n o f M o n t a n a , C a s e ( 1 9 8 7 ) o n t h e “ M e s a v e r d e ” F o r m a t i o n i n

W y o m i n g , B e a v a n a n d R u s s e l l ( 1 9 9 9 ) o n t h e D i n o s a u r P a r k F o r m a t i o n o f A l b e r t a , E b e r t h

e t a l . ( 1 9 9 0 ) o n t h e J u d i t h R i v e r F o r m a t i o n o f S a s k a t c h e w a n , H o g a n s o n a n d M u r p h y

( 2 0 0 2 ) o n t h e H e l l C r e e k F o r m a t i o n o f N o r t h D a k o t a , a n d C i c i m u r r i ( 2 0 0 1 ) o n t h e

G r e e n h o r n F o r m a t i o n o f S o u t h D a k o t a , s h o w t h a t t h e y a l l h a v e a s i m i l a r

p a l e o e n v i r o n m e n t t o t h a t o f t h e J R F o f M o n t a n a : a n e a r s h o r e , e s t u a r i n e h a b i t a t , a s

e v i d e n c e d b y t h e p r e s e n c e o f i n v e r t e b r a t e s s u c h a s t h e o y s t e r O s t r e a a n d s e q u e n c e

s t r a t i g r a p h y a s n o t e d b y H a y d e n ( 1 8 6 0 ) , w i t h p o s s i b l y a m i x t u r e o f f r e s h w a t e r ( s u p p o s e d

f r e s h w a t e r s k a t e s ) a n d m a r i n e t a x a ( s h a r k s , s k a t e s a n d r a y s , a n d m a r i n e t e l e o s t s ) . W i t h

s i m i l a r e n v i r o n m e n t s a n d a g e s t h e e x p e c t a t i o n w o u l d b e t h a t s i m i l a r f a u n a s w o u l d b e

p r e s e n t i n e a c h f o r m a t i o n . I n i t i a l i m p r e s s i o n s s h o w t h a t “ M e s a v e r d e ” h a s t h e g r e a t e s t

s p e c i e s d i v e r s i t y ( 3 2 d i f f e r e n t e l a s m o b r a n c h s f o u n d ) a m o n g t h e s e f o r m a t i o n s w i t h s i m i l a r

p a l e o e n v i r o n m e n t s .

J R F a n d “ M e s a v e r d e ” F o r m a t i o n c o m p a r i s o n

U s i n g t h e c o m b i n e d J R F f a u n a l d a t a o f C a s e ( 1 9 7 8 a a n d 1 9 7 9 ) a n d t h e p r e s e n t w o r k o n

W H a n d P P F a s a b a s e f o r c o m p a r i s o n t o t h e s e o t h e r f a u n a s , t h e c o m p i l e d d a t a s h o w s

t h a t t h e “ M e s a v e r d e ” o f W y o m i n g ( C a s e , 1 9 8 7 ) s h o w s t h e g r e a t e s t s i m i l a r i t y i n f a u n a t o
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t h e J R F w i t h 1 3 m a t c h e s ( T a b l e 3 ) : H y b o d u s m o n t a n e n s i s , C h i l o s c y l l i u m m i s s o u r i e n s i s ,

C r e t o r e c t o l o b u s o l s o n i , E u c r o s s o r h i n u s m i c r o c u s p i d a t u s , H y p o t o d u s g r a n d i s ,

A r c h a e o l a m n a k o p i n g e n s i s , S q u a l i c o r a x k a u p i , S q u a l i c o r a x p r i s t o d o n t u s , A r c h a e o t r i a k i s

r o c h e l l l e a e , P r o t o p l a r y r h i n a r e n a e , I s c h y r h i z a a v o n i c o l a , I . m i r a , a n d M y l e d a p h u s

b i p a r t i t u s .

J R F a n d H e l l C r e e i j l ‘ ) a n d L a n c e F o r m a t i o n s c o m p a r i s o n s

T h e L a n c e F o r m a t i o n o f W y o m i n g a n d H e l l C r e e k F o r m a t i o n o f M o n t a n a e a c h h a v e f o u r

s p e c i e s w i t h H e l l C r e e k ( M T ) s h a r i n g t h r e e s p e c i e s w i t h M o n t a n a ( J R F ) ( T a b l e 4 ) :

S q u a t i r h i n a s p . , I s c h y r h i z a a v o n i c o l a , a n d M y l e d a p h u s b i p a r t i t u s a n d t w o s p e c i e s f r o m

t h e L a n c e F o r m a t i o n m a t c h : I s c h y r h i z a a v o n i c o l a a n d M y l e d a p h u s b i p a r t i t u s ( T a b l e 4 ) .

T h e H e l l C r e e k ( M T ) a n d L a n c e f o r m a t i o n s d o s h a r e a n a d d i t i o n a l t a x o n n o t f o u n d i n t h e

J R F , L i s s o d u s s e l a c h o s ( T a b l e 4 ) .

J R F a n d D i n o g u r P a r k . J R F ( A B ) . J R F ( S K ) . a n d N i o b r a r a ( S K ) F o r m a t i o n s

c o m p a r i s o n s

T h e D i n o s a u r P a r k F o r m a t i o n o f A l b e r t a , d e s p i t e o n l y h a v i n g 1 0 s p e c i e s , h a s e i g h t

m a t c h e s w i t h M o n t a n a ( T a b l e 5 ) , H y b o d u s m o n t a n e n s i s , C r e t o r e c t o l o b u s o l s o n i ,

E u c r o s s o r h i n u s m i c r o c u s p i d a t u s , A r c h a e o l a m n a k o p i n g e n s i s , P r o t o p l a t y r h i n a r e n a e ,

I s c h y r h i z a m i r a , P t y c h o t r y g o n b l a i n e n s i s , a n d M y l e d a p h u s b i p a r t i t u s . O n l y t w o s p e c i e s

a r e f o u n d i n t h e J R F ( A B ) , H y b o d u s m o n t a n e n s i s a n d M y l e d a p h u s b i p a r t i t u s , b o t h o f

w h i c h a r e f o u n d i n t h e J R F ( M T ) . M y l e d a p h u s b i p a r t i t u s w a s t h e o n l y c o m m o n

c o n s t i t u e n t b e t w e e n M o n t a n a a n d t h e J R F ( S K ) ( 1 t a x o n t o t a l ) , a n d n o t a x a w e r e s h a r e d
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w i t h t h e N i o b r a r a F o r m a t i o n ( e i g h t t a x a t o t a l ) ; d e s p i t e b e i n g g e o g r a p h i c a l l y c l o s e , t h e

N i o b r a r a ( C o n i a c i a n ) i s o l d e r t h a n t h e J R F a n d s h o w s n o s i m i l a r i t y i n f a u n a ( T a b l e 6 ) .

J R F a n d H e l l C r e e m D ) a n d G r e e n h o r n F o r m a t i o n s c o m p a r i s o n s

T h e H e l l C r e e k F o r m a t i o n o f N o r t h D a k o t a , w h i c h r e p r e s e n t s a s h a l l o w m a r i n e

e n v i r o n m e n t w i t h e s t u a r i e s , b a y s , a n d c h a n n e l s ( H o g a n s o n a n d M u r p h y , 2 0 0 2 ) h a s t h r e e

s p e c i e s t h a t m a t c h t h e M o n t a n a J R F e l a s m o b r a n c h s ( T a b l e 7 ) : C r e t o l a m n a

a p p e n d i c u l a t a , I s c h y r h i z a s p . , a n d M j I I e d a p h u s b i p a r t i t u s . T h e G r e e n h o r n F o r m a t i o n o f

S o u t h D a k o t a o n l y s h o w s o n e s p e c i e s o u t o f t h e 1 9 f o u n d t h a t m a t c h e d t h e J R F o f

M o n t a n a , C r e t o l a m n a a p p e n d i c u l a t a ( T a b l e 8 ) .

A m o n g t h e m o r e g e o g r a p h i c a l l y a n d t e m p o r a l l y c l o s e f o r m a t i o n s , t h e “ M e s a v e r d e ” i n

W y o m i n g s h o w s t h e m o s t s i m i l a r i t y t o t h e J R F f a u n a s f r o m M o n t a n a , a n d a l s o t h e

h i g h e s t o v e r a l l d i v e r s i t y , f o l l o w e d b y t h e e i g h t s p e c i e s s h a r e d w i t h t h e D i n o s a u r P a r k

F o r m a t i o n i n A l b e r t a . T h e o t h e r f o r m a t i o n s s h o w l e s s s i m i l a r i t y , w i t h a n y w h e r e f r o m

o n e t o t h r e e s p e c i e s s h a r e d .

A d d i t i o n a l O b s e r v a t i o n s

T h e a c c u m u l a t e d d a t a c a n a l s o b e u t i l i z e d t o i n t e r p r e t t h e t e m p o r a l a n d g e o g r a p h i c a l

s p a n s o f s o m e o f t h e s p e c i e s f r o m t h e W H a n d P P F b o n e b e d s . T h e l o n g e s t r a n g i n g

s p e c i e s i n t i m e i s C r e t o l a m n a a p p e n d i c u l a t a ( r a n g i n g f r o m t h e A l b i a n t o t h e Y p r e s i a n

[ C a p p e t t a , 1 9 8 7 ] ) a n d i t a l s o h a s t h e l a r g e s t g e o g r a p h i c a l r a n g e ( F r a n c e , A u s t r a l i a , e a s t

c o a s t o f N o r t h A m e r i c a , t h e A m e r i c a n s o u t h w e s t , a n d n o r t h - c e n t r a l N o r t h A m e r i c a ) . C .
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a p p e n d i c u l a t a i s o f t e n c o n s i d e r e d a c o s m o p o l i t a n s p e c i e s w i t h a w o r l d - w i d e d i s t r i b u t i o n .

B e c a u s e o f i t s d i s t r i b u t i o n i t i s w o r t h n o t i n g t h a t C a s e ( 1 9 7 8 a a n d 1 9 7 9 ) f o u n d n o

o c c u r r e n c e o f C . a p p e n d i c u l a t a i n M o n t a n a o r i n W y o m i n g e v e n t h o u g h i t i s f o u n d i n t h e

D a k o t a s , W y o m i n g ( E v e t t s , 1 9 7 9 ) , a n d i n t h e s o u t h w e s t ( W i l l i a m s o n e t a l . , 1 9 9 3 ) .

O t h e r c o s m o p o l i t a n s p e c i e s f r o m W H a n d P P F i n c l u d e S q u a l i c o r a x k a u p i ( k n o w n f r o m

E u r o p e , J a p a n , N e w Z e a l a n d , M a d a g a s c a r [ G o t t f r i e d e t a l . , 2 0 0 1 ] , t h e e a s t c o a s t o f N o r t h

A m e r i c a , t h e A m e r i c a n s o u t h w e s t , n o r t h c e n t r a l N o r t h A m e r i c a [ C a p p e t t a , 1 9 8 7 ] , a n d

A n g o l a [ A n t u n e s a n d C a p p e t t a , 2 0 0 2 ] ) a n d I s c h y o d u s ( I . b i f u r c a t u s - - R u s s i a , B e l g i u m ,

t h e G u l f o f M e x i c o c o a s t , t h e e a s t a n d w e s t c o a s t s o f N o r t h A m e r i c a , a n d M o n t a n a

[ C a p p e t t a , 1 9 8 7 ] ) . S q u a l i c o r a x p r i s t o d o n t u s i s a l s o w i d e l y d i s t r i b u t e d w i t h a r a n g e t h a t

i n c l u d e s t h e N e t h e r l a n d s , M o r o c c o , T e x a s , M o n t a n a , N e w J e r s e y ( C a p p e t t a , 1 9 8 7 ) a n d

A n g o l a ( A n t u n e s a n d C a p p e t t a , 2 0 0 2 ) . O t h e r w i d e - r a n g i n g t a x a i n c l u d e A r c h a e o l a m n a

k o p i n g e n s i s ( S w e d e n , A u s t r a l i a , e a s t c o a s t o f N o r t h A m e r i c a a n d t h e M o n t a n a r e g i o n

[ C a s e , 1 9 7 8 a ; S i v e r s o n , 1 9 9 6 ; a n d K e m p , 1 9 9 1 ] ) , M y l e d a p h u s b i p a r t i t u s ( n o r t h c e n t r a l

N o r t h A m e r i c a , a n d t h e f o r m e r S o v i e t U n i o n [ C a p p e t t a , 1 9 8 7 ] ) , a n d P r o t o l a m n a s o k o l o v i

( t h e f o r m e r S o v i e t U n i o n , F r a n c e , a n d N o r t h A m e r i c a [ C a p p e t t a , 1 9 8 7 ] , w i t h t h e n e w

o c c u r r e n c e i n M o n t a n a [ t h i s r e p o r t ] f u r t h e r e x p a n d i n g t h e r a n g e ) .

T h e r e m a i n i n g s p e c i e s h a v e r a n g e s t h a t a r e l a r g e l y r e s t r i c t e d t o N o r t h A m e r i c a , a n d i n

s o m e c a s e s j u s t t o t h e J R F o f M o n t a n a a n d n e i g h b o r i n g f o r m a t i o n s . H y p o t o d u s g r a n d i s

i s f o u n d o n l y i n M o n t a n a a n d W y o m i n g w i t h n o o t h e r o c c u r r e n c e s r e p o r t e d ( C a s e 1 9 7 8 a

a n d 1 9 8 7 ) ; P r o t o p l a t y r h i n a r e n a e , w h i l e f o u n d o u t s i d e o f M o n t a n a a n d W y o m i n g ( C a s e ,
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1 9 7 8 3 a n d 1 9 8 7 ) , i s o n l y f o u n d i n N o r t h A m e r i c a ( A l b e r t a a n d T e x a s ) . B o t h I s c h y r h i z a

m i r a a n d I s c h y r h i z a a v o n i c o l a o c c u r o n l y i n N o r t h A m e r i c a ; h o w e v e r , w i t h i n N o r t h

A m e r i c a t h e y h a v e w i d e g e o g r a p h i c r a n g e s . P r i o r t o t h i s s t u d y P t y c h o t r y g o n h o o v e r i w a s

o n l y f o u n d i n T e x a s ; h o w e v e r i t s g e o g r a p h i c a n d t e m p o r a l r a n g e c a n b e e x t e n d e d t o t h e

C a m p a n i a n o f M o n t a n a . P r o t o l a m n a s o k o l o v i a l s o h a s a s p a r s e r e c o r d , b e i n g f o u n d i n

t h e e a r l y C r e t a c e o u s o f F r a n c e , R u s s i a , a n d T e x a s ( C a p p e t t a , 1 9 8 7 ) . I t s p r e s e n c e i n t h e

J R F r e p r e s e n t s a m a j o r t e m p o r a l r a n g e e x p a n s i o n . H y b o d u s m o n t a n e n s i s i s f o u n d

p r i m a r i l y i n M o n t a n a , C r e t o r e c t o l o b u s o l s o n i h a s a w i d e r a n g e i n N o r t h A m e r i c a w i t h a n

o c c u r r e n c e i n F r a n c e , a n d P o x c h o t r j r i g o n t r i a n g u l a r i s i s f o u n d t h r o u g h o u t c e n t r a l N o r t h

A m e r i c a a n d a l s o i n t h e f o r m e r C z e c h o s l o v a k i a ( C a p p e t t a , 1 9 8 7 ) o r m o d e r n d a y C z e c h

R e p u b l i c .

G e o g r a p h i c a l l y r e s t r i c t e d s p e c i e s s u c h a s H y p o t o d u s g r a n d i s ( a n d t o a l e s s e r e x t e n t

P r o t o p l a t y r h i n a r e n a e , I s c h y r h i z a m i r a , a n d I . a v o n i c o l a ) , b a s e d o n c u r r e n t k n o w l e d g e ,

a p p e a r t o b e e n d e m i c f o r m s , b e i n g f o u n d i n o n e r e g i o n a n d f o r m a t i o n a n d n o w h e r e e l s e .

T h e y m a y t r u l y b e l i m i t e d t o t h e J R F o r i t i s p o s s i b l e t h a t t h e y h a v e n o t a s y e t b e e n f o u n d

i n o t h e r l o c a l i t i e s a r o u n d t h e w o r l d . A n o t h e r p o s s i b i l i t y i s t h a t t h e y h a v e b e e n d e s c r i b e d

a n d c l a s s i fi e d a s e n t i r e l y d i f f e r e n t s p e c i e s . T h i s i s p o s s i b l e b e c a u s e i d e n t i fi c a t i o n s h a v e

b e e n m a d e o n t h e b a s i s o f s i n g l e d i s a s s o c i a t e d t e e t h , w h i c h a s d i s c u s s e d e a r l i e r p o s e

p r o b l e m s .
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H i e r a r c h i c a l C l u s t e r A n a l y s i s a n d P a r s i m o n y A n a l y s i s o f E n d e m i c i t y ( P A E )

T o e x p a n d t h e a n a l y t i c a l s c o p e o f t h e f a u n a l c o m p a r i s o n s , t h e d a t a f r o m T a b l e 2 w e r e

c o n v e r t e d t o a s p r e a d s h e e t ( O - a b s e n t , l - p r e s e n t ) w i t h t h e c o l u m n s r e p r e s e n t i n g p r e s e n c e

a n d a b s e n c e o f g e n e r a ( f o r g e n u s l e v e l a n a l y s i s ) ( A p p e n d i x A ) a n d s p e c i e s ( f o r s p e c i e s

l e v e l a n a l y s i s ) ( A p p e n d i x B ) , a n d t h e r o w s l o c a l a r e a s / f o r m a t i o n s i n t h e W I S .

H i e r a r c h i c a l c l u s t e r a n a l y s i s o f t h e m a t r i x w a s i n i t i a l l y c a r r i e d o u t u s i n g a h i e r a r c h i c a l

c l u s t e r a n a l y s i s w i t h S i m p s o n ’ s c o e f fi c i e n t o f f a u n a l s i m i l a r i t y ( p a i r e d g r o u p m e t h o d ) ,

fi r s t d e s c r i b e d i n S i m p s o n ( 1 9 4 3 : f o o t n o t e 5 ) . P a r s i m o n y A n a l y s i s o f E n d e m i c i t y ( P A E )

( R o s e n a n d S m i t h , 1 9 8 8 a n d F o r t e y a n d C o c k s , 1 9 9 2 ) w a s c a r r i e d o u t w i t h t h e h e u r i s t i c

( T B R ) a l g o r i t h m w i t h W a g n e r o p t i m i z a t i o n . T h e h i e r a r c h i c a l c l u s t e r a n a l y s i s t e s t s t h e

f a u n a l s i m i l a r i t y b e t w e e n l o c a l a r e a / f o r m a t i o n s w h e r e a s P A E m e a s u r e s t h e e n d e m i c i t y o f

s p e c i e s a n d i n f e r s b a r r i e r s o r s e l e c t i v e d i f f e r e n t i a t i o n . T h e P A E c l u s t e r s t h e f o r m a t i o n s

b a s e d o n t h e i r s h a r e d e n d e m i c t a x a . B o t h t h e c l u s t e r a n a l y s i s a n d P A E w e r e c o m p l e t e d

w i t h P A l e o n t o l o g i c a l S T a t i s t i c s ( P A S T ) ( H a m m e r e t a l . , 2 0 0 1 ) .

C l u s t e r A n a l y s i s o f W I S J e n e r a ( R - m o d e a n a l y s i s )

I n F i g u r e s 5 6 - 5 9 s i x o f t h e W I S g e n e r a ( t a x a m a r k e d w i t h a n a s t e r i s k ) , O d o n t a s p i s ,

C r e t o r e c t o l o b u s , E u c r o s s o r h i n u s , H y p o t o d u s , A r c h a e o t r i a k i s , a n d S y n e c h o d u s c o - o c c u r

w i t h a s i m i l a r i t y i n d e x o f 1 o n t h i s t r e e i n b r a c k e t 1 ( F i g u r e 5 7 ) . T h e s e a r e a l s o t h e

g e n e r a w i t h fi r s t d i s c o v e r y i n t h e J R F o f M o n t a n a ( C a s e , 1 9 7 8 a ) w i t h t h e e x c e p t i o n o f

H y p o t o d u s . T h e r e s t o f t h e g e n e r a f o u n d i n t h e J R F ( t a x a m a r k e d w i t h a n a s t e r i s k ) a r e

d i s t r i b u t e d t h r o u g h o u t t h e r e s t o f b r a c k e t 1 a n d t h e o t h e r t w o b r a c k e t s ( F i g u r e s 5 8 a n d
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5 9 ) o f t h e t r e e . A t e a c h p r o v i n c i a l l e v e l t h e s i m i l a r i t y h a s d r o p p e d t o 0 . 3 8 , 0 . 4 8 , a n d 0 . 6

f o r t h e s e c l u s t e r s .

C l u s t e r A n a l y s i s o f W I S g e n e r a ( O - m o d e a n a l y s i s )

L o o k i n g a t t h e s a m e d a t a t r a n s p o s e d ( Q - m o d e a n a l y s i s ) ( F i g u r e 6 0 ) , t h e J R F ( m a r k e d

w i t h a n a s t e r i s k ) i s m o s t s i m i l a r , w i t h a n i n d e x o f 1 , t o t h e J R F o f A l b e r t a i n b r a c k e t 2 . I t

i s a l s o q u i t e s i m i l a r ( 0 . 9 5 ) t o t h e D i n o s a u r P a r k F o r m a t i o n i n A l b e r t a . T h e o v e r a l l

t o p o l o g y o f t h e t r e e a l s o s u g g e s t s t h a t t h e r e a r e t w o c l u s t e r s o f l o c a l a r e a s , p o s s i b l y

i n d i c a t i v e o f a b a r r i e r t h a t r e l a t e s t o t h e d i f f e r e n t i a t i o n i n s p e c i e s .

F i g u r e 5 6 ( R - m o d e a n a l y s i s ) w a s b r o k e n i n t o 3 b r a c k e t s f o r e a s e o f d i s p l a y . H o w e v e r ,

f o r p r o p e r a n a l y s i s b r a c k e t s 1 a n d 2 s h o u l d b e c o n s i d e r e d a s o n e . T h a t c r e a t e s 2 m a i n

b r a c k e t s o r c l u s t e r s w i t h i n F i g u r e 5 6 t h a t m a p o n t o t h e 2 c l u s t e r s i n F i g u r e 6 0 ( Q - m o d e

a n a l y s i s ) . T h e J R F ( “ P ” i n F i g u r e 6 0 ) c o r r e l a t e s w i t h t h e c o m b i n e d b r a c k e t o f l a n d 2

t h a t c o n t a i n s t h e m a j o r i t y o f t h e J R F g e n e r a .

C l u s t e r A n a l y s i s o f W I S s p e c i e s ( R - m o d e a n a l y s i s )

C l u s t e r a n a l y s i s a t t h e s p e c i e s r a n k ( F i g u r e s 6 1 - 6 5 ) i s s i m i l a r t o t h a t a t t h e g e n e r i c l e v e l

b u t r e - f o c u s e s o n t h e J R F s p e c i e s . T h e a n a l y s i s s h o w s a c l u s t e r i n g o f t h e J R F s p e c i e s ,

w i t h 1 7 o f t h e t a x a g r o u p e d t o g e t h e r a t a s i m i l a r i t y i n d e x o f 1 i n b r a c k e t 3 ( F i g u r e 6 4 ) .

T h e c l u s t e r e d s p e c i e s a r e : H y b o d u s m o n t a n e n s i s , H . s t o r e r i , S y n e c h o d u s a n d e r s o m ’ , S .

s t r i a t u s , C r e t o r e c t o l o b u s o l s o n i , E u c r o s s o r h i n u s m i c r o c u s p i d a t u s , H y p o t o d u s g r a n d i s ,

H y p o t o d u s s p p . , O d o n t a s p i s s a n g u i n e i , A r c h a e o l a m n a k o p i n g e n s i s , A r c h a e o t r i a k i s
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r o c h e l l e a e , P r o t o p l a l y r h i n a r e n a e , S q u a t i r h i n a s p . , I s c h y r h i z a m i r a , P t y c h o t r y g o n

b l a i n e n s i s , S c l e r o r h y n c h i d a e i n d e t , a n d M y l e d a p h u s b i p a r t i t u s . S q u a l i c o r a x k a u p i , S .

p r i s t o d o n t u s , a n d C h i l o s c y l l i u m m i s s o u r i e n s i s s h o w a s i m i l a r i t y o f 0 . 8 4 . T h e l e a s t

s i m i l a r g r o u p i n g o f t h e J R F a r e P t y c h o t r y g o n t r i a n g u l a r i s , P . h o o v e r i , P r o t o l a m n a

s o k o l o v i , I s c h y r h i z a s p . , a n d C r e t o l a m n a a p p e n d i c u l a t a w h i c h s h o w a s i m i l a r i t y o f 0 . 3 i n

b r a c k e t 2 ( F i g u r e 6 3 ) a n d t h e l a s t s p e c i e s , I s c h y r h i z a a v o n i c o l a s h o w s a s i m i l a r i t y i n d e x

o f 0 . 4 8 i n b r a c k e t 4 ( F i g u r e 6 5 ) .

C l u s t e r A n a l fi i s o f W I S s p e c i e s ( Q - m o d e a n a l y s i s )

T r a n s p o s i n g t h e d a t a ( F i g u r e 6 6 ) t h e o v e r a l l t o p o l o g y o f t h e Q - m o d e t r e e r e s e m b l e s t h a t

s e e n i n F i g u r e 6 0 . D e s p i t e t h e o v e r a l l s i m i l a r i t y , a d d i n g a s p e c i e s - l e v e l a n a l y s i s h a s

c h a n g e d t h e r e s u l t s ( t a x a a n d J R F m a r k e d w i t h a n a s t e r i s k ) . T h i s c h a n g e i n g r o u p i n g

m a y b e t h e r e s u l t o f t a x o n o m i c s p l i t t i n g , p o t e n t i a l l y c r e a t i n g m o r e s p e c i e s t h a n m a y

a c t u a l l y e x i s t a n d s k e w i n g t h e r e s u l t s . A n o t h e r p o s s i b i l i t y i s t h a t a m b i g u o u s l y i d e n t i fi e d

s p e c i e s ( a s i s s t a t e d i n t h e l i t e r a t u r e ) w e r e g r o u p e d w i t h o t h e r s p e c i e s , i d e n t i fi e d w i t h f a i r

c e r t a i n t y o r a m b i g u o u s l y i d e n t i fi e d , f u r t h e r s k e w i n g t h e r e s u l t s . B e f o r e , a t t h e g e n e r i c

l e v e l , t h e J R F o f M o n t a n a g r o u p e d w i t h t h e J R F o f A l b e r t a w i t h a n i n d e x o f 1 . H e r e i n

F i g u r e 6 6 i t n o w g r o u p s w i t h t h e H e l l C r e e k F o r m a t i o n o f M o n t a n a a n d t h e J u d i t h R i v e r

F o r m a t i o n o f S a s k a t c h e w a n w i t h a s i m i l a r i t y o f 0 . 9 i n b r a c k e t 2 ( F i g u r e 6 6 ) . T w o

c l u s t e r s a r e p r e s e n t , a s i n F i g u r e 6 0 , t h o u g h t h e m a k e u p o f e a c h c l u s t e r h a s s h i f t e d

s l i g h t l y .
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F i g u r e 6 1 ( R - m o d e a n a l y s i s ) w a s b r o k e n i n t o 4 b r a c k e t s f o r e a s e o f d i s p l a y . H o w e v e r ,

f o r p r o p e r a n a l y s i s b r a c k e t s 1 a n d 2 s h o u l d b e c o n s i d e r e d a s o n e , a s s h o u l d b r a c k e t s 3

a n d 4 . T h a t c r e a t e s 2 m a i n b r a c k e t s o r c l u s t e r s w i t h i n F i g u r e 6 1 t h a t m a p o n t o t h e 2

c l u s t e r s i n F i g u r e 6 6 ( Q - m o d e a n a l y s i s ) . T h e J R F ( “ Q ” i n F i g u r e 6 6 ) c o r r e l a t e s w i t h t h e

c o m b i n e d b r a c k e t o f 1 a n d 2 , h o w e v e r i t i s t h e c o m b i n e d b r a c k e t o f 3 a n d 4 t h a t c o n t a i n s

t h e m a j o r i t y o f t h e J R F s p e c i e s . U p o n f u r t h e r e x a m i n a t i o n , m a n y o f t h e J R F t a x a i n t h e

c o m b i n e d b r a c k e t o f 3 a n d 4 o c c u r i n m u l t i p l e f o r m a t i o n s , a n d i t i s p o s s i b l e t h a t w i t h t h e

c o l l a p s i n g o f t h i s d a t a t o j u s t t h e g e n e r a a s i n t h e p r e v i o u s t r e e s o f F i g u r e s 5 6 - 5 9 s o m e

r e s o l u t i o n i s l o s t , t h u s m a k i n g i t a p p e a r t h a t m a n y o f t h e t a x a a r e e n d e m i c t o t h e J R F b u t

i n s t e a d m a y b e e n d e m i c t o t h e e n d o f t h e C r e t a c e o u s o f t h e W I S w h e n i n v e s t i g a t e d a t t h e

s p e c i e s l e v e l . A n o t h e r c o n t r i b u t i n g f a c t o r m a y b e t h a t s o m e o f t h e t a x a a r e n o t i d e n t i fi e d

s o l e l y t o s p e c i e s a n d h a v e b e e n “ l u m p e d ” w i t h o t h e r a m b i g u o u s t a x a . T h i s l e a d s t o

f u r t h e r l o s s o f r e s o l u t i o n .

C l u s t e r A n a l y s i s I m p l i c a t i o n s

T h e J R F f a u n a a t b o t h t h e g e n e r i c a n d s p e c i e s l e v e l s s h o w e n d e m i s m f o r s o m e o f t h e

t a x a . S i x g e n e r a c l u s t e r t o g e t h e r , c o - o c c u r r i n g a n d s h o w a m a c r o - e c o l o g i c a l a s s o c i a t i o n

o r b i o m e o f t h e g e n e r a i n t i m e a n d s p a c e a n d a s i m i l a r i t y i n d e x o f l ( b r a c k e t 1 ) o n t h e

t r e e ( F i g u r e 5 6 ) . T h e s e g e n e r a a r e : O d o n t a s p i s , C r e t o r e c t o l o b u s , E u c r o s s o r h i n u s ,

H y p o t o d u s , A r c h a e o t r i a k i s , a n d S y n e c h o d u s . T h e r e m a i n d e r o f t h e g e n e r a a r e l e s s

s i m i l a r , i m p l y i n g m o r e c o s m o p o l i t a n i s m a s t h e y a r e d i s t r i b u t e d t h r o u g h o u t t h e o t h e r t w o

b r a c k e t s o f t h e t r e e .
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T h e s p e c i e s c l u s t e r a n a l y s i s ( F i g u r e 6 1 ) a l s o s u g g e s t s e n d e m i s m b u t w i t h t h e a d d i t i o n o f

t h e s p e c i e s t h e r e a r e a g r e a t e r n u m b e r o f e n d e m i c t a x a , w i t h 1 7 p l o t t i n g a t a s i m i l a r i t y

i n d e x o f l i n b r a c k e t 3 ( F i g u r e 6 4 ) . T h e e n d e m i c t a x a a r e : H y b o d u s m o n t a n e n s i s , H .

s t o r e r i , S y n e c h o d u s a n d e r s o m ' , S . s t r i a t u s , C r e t o r e c t o l o b u s o l s o n i , E u c r o s s o r h i n u s

m i c r o c u s p i d a t u s , H y p o t o d u s g r a n d i s , H y p o t o d u s s p p . , O d o n t a s p i s s a n g u i n e i ,

A r c h a e o l a m n a k o p i n g e n s i s , A r c h a e o t r i a k i s r o c h e l l e a e , P r o t o p l a t y r h i n a r e n a e ,

S q u a t i r h i n a s p . , I s c h y r h i z a m i r a , P t y c h o t r j y g o n b l a i n e n s i s , S c l e r o r h y n c h i d a e i n d e t , a n d

M y l e d a p h u s b i p a r t i t u s . T h r e e s p e c i e s l e s s c l u s t e r e d a t a l e v e l t h a t i m p l i e s s e m i -

e n d e m i s m ( s i m i l a r i t y i n d e x 0 . 8 4 ) , S q u a l i c o r a x k a u p i , S . p r i s t o d o n t u s , a n d C h i l o s c y l l i u m

m i s s o u r i e n s i s . T h e l e a s t s i m i l a r g r o u p i n g o f J R F t a x a a r e s p r e a d o v e r t h e r e m a i n d e r o f

t h e t r e e a n d i m p l y t h a t t h e y a r e t h e m o s t c o s m o p o l i t a n f o r m s : P t y c h o t r y g o n t r i a n g u l a r i s ,

P . h o o v e r i , P r o t o l a m n a s o k o l o v i , I s c h y r h i z a s p . , a n d C r e t o l a m n a a p p e n d i c u l a t a g r o u p

w i t h a s i m i l a r i t y o f 0 . 3 i n b r a c k e t 2 ( F i g u r e 6 3 ) . T h e l a s t s p e c i e s i s t h e s e m i -

c o s m o p o l i t a n t a x o n I s c h y r h i z a a v o n i c o l a , w h i c h s h o w s a d e g r e e o f c o s m o p o l i t a n i s m w i t h

a s i m i l a r i t y i n d e x o f 0 . 4 8 i n b r a c k e t 4 ( F i g u r e 6 5 ) .

T w o d i s t i n c t c l u s t e r s a r e p r e s e n t i n e a c h o f t h e t r e e s ( F i g u r e s 6 0 a n d 6 6 ) . O n e p o s s i b l e

e x p l a n a t i o n f o r t h i s d i v i s i o n i s a g e o g r a p h i c a l o r ( m o r e e x p l i c i t l y ) a l a t i t u d i n a l s e p a r a t i o n .

A n o t h e r p o s s i b i l i t y i s a t e m p o r a l d i v i s i o n . R e g a r d i n g a l a t i t u d i n a l s e p a r a t i o n , t h e m o r e

s o u t h e r l y f o r m a t i o n s ( l e f t s i d e o f t h e t r e e s ) w o u l d l i k e l y h a v e f o r m e d i n w a r m e r l o c a l e s

a s m a n y a r e c a r b o n a t e s s u c h a s t h e l i m e s t o n e s i n K a n s a s a n d C o l o r a d o . T h i s i s d i f f e r e n t

f r o m t h e m o r e n o r t h e r n f o r m a t i o n s t h a t w o u l d h a v e b e e n f r o m c o o l e r l o c a l e s a n d t e n d t o

b e m o r e s i l i c i c l a s t i c i n n a t u r e s u c h a s t h e s h a l e s o f W y o m i n g a n d S o u t h D a k o t a . T h i s
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d i f f e r e n c e i n s u b s t r a t e c o m p o s i t i o n i s i n d i c a t i v e o f t h e e n v i r o n m e n t ; c h a l k y f o r m a t i o n s

t e n d t o f o r m i n s h a l l o w w a r m w a t e r s , a n d t h e c l a s t i c b o t t o m s a r e c l o s e r t o l a n d a n d a r e

a l s o s h a l l o w w a r m w a t e r s b u t m o r e m a r g i n a l m a r i n e . I f , o n t h e o t h e r h a n d t h e d i v i s i o n i s

t e m p o r a l , t h e l e f t c l u s t e r s h o w s o l d e r f a u n a s a s t h e f o r m a t i o n s s p a n t h e C e n o m a n i a n t o

t h e S a n t o n i a n , a n d t h e r i g h t c l u s t e r ( w h i c h i n c l u d e s t h e J R F ) , s p a n s t h e C a m p a n i a n a n d

M a a s t r i c h t i a n . B o t h l a t i t u d i n a l a n d t e m p o r a l d i f f e r e n c e s a r e p l a u s i b l e e x p l a n a t i o n s , a n d

t o g e t h e r m a y b e r e s p o n s i b l e f o r t h i s d i c h o t o m y i n t h e d i s t r i b u t i o n o f W I S e l a s m o b r a n c h

t a x a .

P A E o f g e n e r a

F i g u r e 6 7 i s t h e P A E o f t h e g e n e r a f o r t h e c o l l e c t e d d a t a . A n y g e n u s t h a t h a d o n l y o n e

o c c u r r e n c e w a s r e m o v e d f r o m t h e a n a l y s i s a s w e r e a n y f o r m a t i o n s t h a t c o n t a i n e d l e s s

t h a n 1 0 t a x a . T h e f o r m a t i o n s a n d g e n e r a t h a t r e m a i n e d w e r e u s e d f o r t h e P A E ( d a t a i n

A p p e n d i x C ) . T h e r e s u l t i n g s t r i c t c o n s e n s u s t r e e s h o w s t h r e e d i s t i n c t g e o g r a p h i c

g r o u p i n g s o r p r o v i n c e s . P r o v i n c e s a r e a c c o r d i n g t o A n s t e y e t a l . ( 2 0 0 3 ) a r e ,

A l a r g e g e o g r a p h i c a r e a b i o t i c a l l y d i s t i n c t a n d s e p a r a t e d b y p h y s i c a l o r
c l i m a t i c b a r r i e r s f r o m a d j a c e n t p r o v i n c e s . E n d e m i c t a x a c o n s t i t u t e 2 5 —
5 0 % o f t h e p r o v i n c i a l b i o t a . S y n o n y m o f r e g i o n ( H a l l a m 1 9 9 4 ) .

P A E o f s p e c i e s

F i g u r e 6 9 i s t h e P A E o f t h e s p e c i e s f o r t h e c o l l e c t e d d a t a . T h e d a t a r e c e i v e d t h e s a m e

t r e a t m e n t a s t h e g e n e r i c d a t a , a n y s p e c i e s w i t h o n l y o n e o c c u r r e n c e w a s r e m o v e d f r o m

t h e a n a l y s i s a s w e r e a n y f o r m a t i o n s t h a t c o n t a i n e d l e s s t h a n 1 0 t a x a . T h e f o r m a t i o n s a n d
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s p e c i e s t h a t r e m a i n e d w e r e u s e d f o r t h e P A E ( d a t a i n A p p e n d i x D ) . T h e r e s u l t i n g s t r i c t

c o n s e n s u s t r e e s h o w s t w o d i s t i n c t g r o u p i n g s t h a t a r e t e m p o r a l l y g r o u p e d t o g e t h e r .

I m p l i c a t i o n s o f P A E

T h e J R F g e n e r a o n t h e P A E t r e e ( s t r i c t c o n s e n s u s ) p l o t w i t h i n t h e i r o w n g e o g r a p h i c

r e g i o n i n F i g u r e s 6 7 a n d 6 8 . T h e J R F f o r m s a p r o v i n c e ( P r o v i n c e 1 w h i c h w i l l b e

r e f e r r e d t o a s t h e J u d i t h R i v e r F o r m a t i o n P r o v i n c e ) w i t h t h e D i n o s a u r P a r k F o r m a t i o n i n

A l b e r t a , t h e “ M e s a v e r d e ” F o r m a t i o n i n W y o m i n g , a n d t h e H e l l C r e e k F o r m a t i o n i n N o r t h

D a k o t a , i m p l y i n g t h a t t h e s e f o u r f o r m a t i o n s s h a r e m o r e e n d e m i c g e n e r a w i t h e a c h o t h e r

t h a n w i t h t h e o t h e r f o r m a t i o n s . T h e T e x a s g r o u p s b r a c k e t t o g e t h e r i n t h e i r o w n p r o v i n c e

( P r o v i n c e 2 , r e f e r r e d t o a s t h e T e x a s P r o v i n c e ) w i t h A r i z o n a , a n d C o l o r a d o a n d S o u t h

D a k o t a f o r m a t h i r d p r o v i n c e ( P r o v i n c e 3 , r e f e r r e d t o a s t h e G r e e n h o r n P r o v i n c e ) . T h e s e

p r o v i n c e s l i k e l y r e p r e s e n t e c o r e g i o n s , n o t o n l y s h a r i n g e n d e m i c f a u n a s b u t a l s o s i m i l a r

e n v i r o n m e n t s w i t h t h e n o r t h e r n p r o v i n c e b e i n g m o r e c l a s t i c , m u d d y m a t r i x f r o m b e i n g

c l o s e r t o t h e s o u r c e t e r r a i n , a n d t h e s o u t h e r n p r o v i n c e s b e i n g w a r m e r , m o r e m a r i n e

s e t t i n g s w i t h c a l c a r e o u s d e p o s i t s .

T h e J R F s p e c i e s o n t h e P A E ( s t r i c t c o n s e n s u s ) t r e e d o n o t p l o t w i t h i n t h e i r g e o g r a p h i c

r e g i o n b u t w i t h i n a t e m p o r a l s p a c e i n F i g u r e s 6 9 a n d 7 0 . T h e y a r e g r o u p e d w i t h t h e

“ M e s a v e r d e ” F o r m a t i o n o f W y o m i n g ( C a m p a n i a n ) , t h e T a y l o r G r o u p o f T e x a s

( C a m p a n i a n ) , a n d t h e N a v a r r o G r o u p o f T e x a s ( M a a s t r i c h t i a n ) a l l a t t h e e n d o f t h e L a t e

C r e t a c e o u s ( p r o v i n c e 3 , r e f e r r e d t o a s t h e J u d i t h R i v e r F o r m a t i o n P r o v i n c e ) . T h e o t h e r

f o r m a t i o n s a r e a l l o l d e r , s p a n n i n g t h e C e n o m a n i a n t o t h e S a n t o n i a n w i t h t h e T e x a s
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P r o v i n c e ( b r a c k e t 2 ) c o n s i s t i n g o f t h r e e o f t h e T e x a s g r o u p s a n d A r i z o n a , a n d b r a c k e t 1

( G r e e n h o r n P r o v i n c e ) c o n s i s t i n g S o u t h D a k o t a a n d C o l o r a d o . T h e a d d i t i o n o f t h e s p e c i e s

i n t h i s P A E s e e m s t o o v e r r i d e a n y g e o g r a p h i c g r o u p i n g o f s h a r e d e n d e m i c s p e c i e s , a g a i n

p o s s i b l y d u e t o “ s p l i t t i n g ” o f s p e c i e s , a n d i n s t e a d g r o u p s t a x a t e m p o r a l l y i n t o p r o v i n c e s .

C l u s t e r A n a l y s i s o f J R F b y s t u d y

I n i t i a l o b s e r v a t i o n s a n d c o m p a r i s o n s o f t h e s t u d i e s b y C a s e ( 1 9 7 8 3 a n d 1 9 7 9 ) a n d t h e

p r e s e n t s t u d y r e v e a l e d d i f f e r e n c e s i n t h e f a u n a l c o m p o s i t i o n s a s w e l l a s a d i f f e r e n c e i n

f a u n a l c o m p o s i t i o n b e t w e e n t h e t w o s i t e s ( W H a n d P P F ) . T h e s e d i f f e r e n c e s h a v e b e e n

t e n t a t i v e l y a t t r i b u t e d t o l o c a l i z e d a r e a s o f v a r i a b l e e n e r g y , c r e a t i n g s o r t i n g ( T u l u , 2 0 0 7 )

a n d / o r a s a m p l i n g i s s u e . W h e n 3 c l u s t e r a n a l y s i s o f t h e e n t i r e J R F d a t a i s p e r f o r m e d

b a s e d o n t h e i n d i v i d u a l s t u d i e s , t h i s c u r r e n t s t u d y a n d C a s e ’ s c o m b i n e d w o r k ( 1 9 7 8 3 a n d

1 9 7 9 ) , t h e s p e c i e s n e w t o t h e J R F f o u n d i n t h i s s t u d y c l u s t e r t o g e t h e r . I t w o u l d t h u s

a p p e a r t h a t t h e s i m i l a r i t i e s b e t w e e n C a s e ’ s w o r k , a n d t h i s n e w s t u d y , a r e q u i t e l o w .

H o w e v e r , t h e s a m e c l u s t e r a n a l y s i s s h o w s a 0 . 5 s i m i l a r i t y i n t h e t a x a f r o m t h e C a s e

s t u d i e s ( 1 9 7 8 3 a n d 1 9 7 9 ) a n d t h i s c u r r e n t s t u d y . W h e n t h e c o m b i n e d d a t a o f t h e J R F

( C a s e , 1 9 7 8 3 a n d 1 9 7 9 , a n d t h i s n e w s t u d y ) a r e u s e d i n a c l u s t e r a n a l y s i s a n d P A E f o r t h e

W I S , t h e J R F g r o u p s w i t h s i m i l a r l y s i z e d f a u n a s o f t h e s a m e a g e a n d r e l a t i v e g e o g r a p h i c

r e g i o n . S a m p l i n g i s a l i k e l y f a c t o r i n e x p l a i n i n g t h e d i f f e r e n c e s i n f a u n a l c o m p o s i t i o n

b e t w e e n C a s e ( 1 9 7 8 3 a n d 1 9 7 9 ) a n d t h i s s t u d y . C a s e c o l l e c t e d f r o m 1 0 s i t e s , e i t h e r

s u r f a c e fl o a t o r d i r e c t l y f r o m t h e m a t r i x , a n d t h i s w o r k u s e d b u l k s a m p l i n g f r o m t w o

s i t e s .

1 1 9

 



T h e s l i g h t d i f f e r e n c e s b e t w e e n W H a n d P P F s e e m t o b e d u e t o s u b t l e d i f f e r e n c e s i n

p a l e o e n v i r o n m e n t a l c o n d i t i o n s i n e a c h a r e a t h a t m a y i n t u r n a f f e c t t h e c o m p o s i t i o n o f t h e

r e s p e c t i v e f a u n a s . T h e s i t e s a r e b o t h l a g d e p o s i t s c o n s i s t i n g o f t h e s a m e s h o r e f a c e

d e p o s i t s a n d s t r a t i g r a p h i c h o r i z o n , a n d a r e o n l y a b o u t 3 k i l o m e t e r s f r o m e a c h o t h e r .

C o m p o s i t i o n a l l y t h e f a u n a s a r e v e r y s i m i l a r ( T a b l e 9 ) , w i t h f o u r s p e c i e s a t W H ( H y b o d u s

m o n t a n e n s i s , S q u a t i r h i n a s p . , I s c h y r h i z a a v o n i c o l a , a n d I s c h y o d u s ) m i s s i n g f r o m P P F ,

a n d t w o s p e c i e s a t P P F t h a t a r e m i s s i n g f r o m W H ( S q u a l i c o r a x p r i s t o d o n t u s a n d

A r c h a e o t r i a k i s r o c h e l l e a e ) .

1 2 0

 



 
F i g u r e 5 4 . W e s t e r n I n t e r i o r S e a w a y ( W I S ) 7 5 M a ( a p p r o x i m a t e a g e o f t h e J R F i n
M o n t a n a ) - g e o g r a p h i c a l f o c u s f o r J R F f a u n a l c o m p a r i s o n s w i t h l o c a l a r e a s / f o r m a t i o n s o f
t h i s s t u d y r o u g h l y p o s i t i o n e d ( m o d i fi e d f r o m B l a k e y , 2 0 0 9 ) .

1 2 1



T a b l e 2 . J u d i t h R i v e r F o r m a t i o n ( M o n t a n a ) f a u n a c o m p a r e d t o t h e f a u n a s f r o m

f o r m a t i o n s i n M o n t a n a , W y o m i n g , N o r t h D a k o t a , S o u t h D a k o t a , C o l o r a d o , A l b e r t a ,

S a s k a t c h e w a n , K a n s a s , A r i z o n a , a n d T e x a s . D a t a w e r e c o m p i l e d f r o m t h e c u r r e n t s t u d y

i n a d d i t i o n t o S a h n i , 1 9 7 2 , C a s e , 1 9 7 8 3 , a n d 1 9 7 9 t o c r e a t e t h e J R F ( M o n t a n a ) d a t a s e t .

A d d i t i o n a l W I S d a t a c o m e s f r o m : C a s e , 1 9 8 7 , C a s e a n d C a p p e t t a , 1 9 9 7 , C a s e e t a l . ,

1 9 9 0 , C a p p e t t a a n d C a s e , 1 9 7 5 b a n d 1 9 9 9 , C a p p e t t a , 1 9 7 3 , E s t e s , 1 9 6 4 , E s t e s e t a l . ,

1 9 6 9 , E v e t t s , 1 9 7 9 , B r i n k m a n , 1 9 9 0 , E b e r t h e t a l . , 1 9 9 0 , W i l l i a m s o n e t a l . 1 9 9 3 , B e a v a n

a n d R u s s e l l , 1 9 9 9 , C i c i m u r r i , 2 0 0 1 , H o g a n s o n a n d M u r p h y , 2 0 0 2 , W e l t o n a n d F a r i s h ,
1 9 9 3 , S h i m a d a , 1 9 9 6 , S h i m a d a , 2 0 0 6 , a n d S h i m a d a e t 3 1 . , 2 0 0 6 . x = o c c u r r e n c e o f t a x o n

i n f o r m a t i o n .

* d e n o t e s g r o u p i n g o f a d d i t i o n a l a n d / o r p r o b l e m a t i c i d e n t i fi c a t i o n s w i t h i n t h e f a m i l y ,
g e n u s , o r s p e c i e s a s l i s t e d b e l o w :

1 . I n c l u d e d a r e P l y c h o d u s m a m m i l a r i s a n d P t y c h o d u s c f . m a m m i l a r i s
2 . I n c l u d e d a r e P l y c h o d u s r u g o s u s a n d P t y c h o d u s c f . r u g o s u s
3 . I n c l u d e d a r e C h i l o s c y l l i u m g r e e n i a n d C h i l o s c y l l i u m a f f . g r e e n i
4 . I n c l u d e d a r e C r e t o r e c t o l o b u s o l s o n i a n d C r e t o r e c t o l o b u s c f . o l s o n i
5 . I n c l u d e d a r e C a n t i o s c y l l i u m d e c i p i e n s a n d C a n t i o s c y l l i u m a f f . d e c i p i e n s
6 . I n c l u d e d a r e C a r c h a r i a s a m o n e n s i s a n d C a r c h a r i a s a fl . a m o n e n s i s

7 . I n c l u d e d a r e J o h n l o n g i a p a r v i d e n s a n d J o h n l o n g i a c f . p a r v i d e n s
8 . I n c l u d e d a r e S c a p a n o r h y n c h u s r a p h i o d o n a n d S c a p a n o r h y n c h u s c f . r a p h i o d o n
9 . I n c l u d e d a r e S c a p a n o r h y n c h u s s p . a n d c f . S c a p a n o r h y n c h u s s p .
I O . I n c l u d e d a r e A r c h a e o l a m n a k o p i n g e n s i s a n d A r c h a e o l a m n a c f . k o p i n g e n s i s
1 1 . I n c l u d e s C r e t o d u s s e m i p l i c a t u s a n d C . c r a s s i d e n s ( a j u n i o r s y n o n y m o f C .

s e m i p l i c a t u s ) a f t e r S c h w i m m e r e t a l . ( 2 0 0 2 )

1 2 . I n c l u d e d a r e P r o t o l a m n a s o k o l o v i a n d P r o t o l a m n a a f f . s o k o l o v i
1 3 . I n c l u d e d a r e P s e u d o c o r a x g r a n t i a n d P s e u d o c o r a x a f f . g r a n t i
1 4 . I n c l u d e d a r e S q u a l i c o r a x k a u p i a n d S q u a l i c o r a x s p . , o f . S . k a u p i
1 5 . I n c l u d e d a r e I s c h y r h i z a a v o n i c o l a a n d I s c h y r h i z a c f . a v o n i c o l a
1 6 . I n c l u d e d a r e P l y c h o t r y g o n b l a i n e n s i s a n d P o z c h o t r y g o n a f f . b l a i n e n s i s a n d

P t y c h o t r y g o n c f . b l a i n e n s i s
1 7 . I n c l u d e d a r e P t y c h o t r y g o n t e x a n a a n d P t y c h o t r y g o n c f . P . t e x a n a
l 8 . I n c l u d e d a r e S c l e r o r h y n c h i d a e i n d e t . a n d S c l e r o r h y n c h i d a e ( ? ) i n c e r t a e s e d i s

1 2 2
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T a b l e 3 . J R F f a u n a c o m p a r e d t o " M e s a v e r d e " F o r m a t i o n f a u n a . T h e t w o f o r m a t i o n s
s h a r e 1 3 s p e c i e s ( l a r g e , b o l d " X " ) .
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T a b l e 4 . J R F f a u n a c o m p a r e d t o H e l l C r e e k ( M T ) a n d L a n c e f o r m a t i o n s f a u n a s . J R F
s h a r e s 3 s p e c i e s w i t h H e l l C r e e k a n d 2 s p e c i e s L a n c e F o r m a t i o n w i t h ( l a r g e , b o l d " X " ) .
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S y n e c h o d u s s t r i a t u s

C h i l o s c y l l i u m m i s s o u r i e n s i s

C r e t o r e c t o l o b u s o l s o n i

E u c r o s s o r h i n u s m i c r o c u s p i d a t u s

C a r c h a r i a s s t e i n e r i x

H y p o t o d u s g r a n d i s

H y p o t o d u s s p p .

O d o n t a s p i s a c u l e a t u s x

O d o n t a s p i s s a n g u i n e i
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P t y c h o t r y g o n b l a i n e n s i s
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T a b l e 5 . J R F f a u n a c o m p a r e d t o D i n o s a u r P a r k a n d J R F ( A l b e r t a f a u n a s ) . J R F s h a r e s 8
s p e c i e s w i t h D i n o s a u r P a r k a n d 2 s p e c i e s w i t h J R F A l b e r t a ( l a r g e , b o l d " X " ) .
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C h i l o s c y l l i u m m i s s o u r i e n s i s

C r e t o r e c t o l o b u s o l s o n i

E u c r o s s o r h i n u s m i c r o c u s p i d a t u s

H y p o t o d u s g r a n d i s

H y p o t o d u s s p p .

O d o n t a s p i s s a n g u i n e i
O d o n t a s p i s s a s k a t c h e w a n e n s i s x
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C r e t o x y r h i n a m a n t e l l i x

P r o t o l a m n a s o k o l o v i x

S q u a l i c o r a x f a l c a t u s x

S q u a l i c o r a x k a u p i

S q u a l i c o r a x s p . , c f . S . k a u p i

S q u a l i c o r a x p r i s t o d o n t u s
A r c h a e o t r i a k i s r o c h e l l e a e

P r o t o p l a t y r h i n a r e n a e
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S q u a t i r h i n a s p .
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I s c h y r h i z a m i r a
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T a b l e 6 . J R F f a u n a c o m p a r e d t o J R F ( S a s k a t c h e w a n ) a n d N i o b r a r a F o r m a t i o n . T h e
J R F ( M T ) s h a r e s o n l y o n e s p e c i e s w i t h t h e J R F S a s k a t c h e w a n ( l a r g e , b o l d " X " ) a n d n o
s p e c i e s w i t h t h e N i o b r a r a F o r m a t i o n .
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H y b o d u s m o n t a n e n s i s
H y b o d u s s t o r e r i

S y n e c h o d u s a n d e r s o n i
S y n e c h o d u s s t r i a t u s

C h i l o s c y l l i u m m i s s o u r i e n s i s
C r e t o r e c t o l o b u s o l s o n i

E u c r o s s o r h i n u s m i c r o c u s p i d a t u s

C a r c h a r i a s s p . x
H y p o t o d u s g r a n d i s
H y p o t o d u s s p p .

O d o n t a s p i s s a n g u i n e i x
O d o n t a s p i s s p . x
A r c h a e o l a m n a k o p i n g e n s i s

C r e t o l a m n a a p p e n d i c u l a t a X X
P r o t o l a m n a s o k o l o v i x

S e r r a t o l a m n a s e r r a t a x
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I s c h y r h i z a m i r a
I s c h y r h i z a s p .

P t y c h o t r y g o n b l a i n e n s i s
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T a b l e 7 . J R F f a u n a c o m p a r e d t o H e l l C r e e k F o r m a t i o n N D f a u n a . T h e t w o

f o r m a t i o n s s h a r e 3 s p e c i e s ( l a r g e , b o l d " X " ) .
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T a b l e 8 . J R F f a u n a c o m p a r e d t o G r e e n h o r n F o r m a t i o n f a u n a . T h e t w o

f o r m a t i o n s s h a r e 1 s p e c i e s ( l a r g e , b o l d " X " ) .
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F i g u r e 5 6 . C l u s t e r a n a l y s i s o f g e n e r a b y f o r m a t i o n f r o m t h e W I S . E a c h b r a c k e t e d c l u s t e r
i s i l l u s t r a t e d i n m o r e d e t a i l i n F i g u r e s 5 7 - 5 9 .
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F i g u r e 5 7 . S u b s e t f r o m fi g u r e 5 6 , b r a c k e t 1 . C l u s t e r a n a l y s i s o f g e n e r a b y f o r m a t i o n

f r o m t h e W I S . S y n o d o n t a s p i s ( A ) , O d o n t a s p i s “ ( B * ) , C r e t o r e c t o l o b u s “ ( C * ) ,
E u c r o s s o r h i n u s * ( D * ) , H y p o t o d u s * ( E * ) , A r c h a e o t r i a k i s * ( F * ) , S y n e c h o d u s “ ( G * ) ,

C e n t r o p h o r o i d e s ( H ) , B r a c h a e l u r u s ( I ) , P s e u d o d o n t a s p i s ( J ) , A n k i s t r o r h y n c h u s ( K ) ,

I s c h y r h i z a * ( L * ) , M y l e d a p h u s * ( M * ) , S c l e r o r h y n c h i d a e i n d e t . * ( N * ) , A r c h a e o l a m n a *

( 0 * ) , C a r c h a r h i n i f o r m e s i n c e r t a e s e d i s ( P ) , a n d P t y c h o t r y g o n * ( Q * ) .
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F i g u r e 5 8 . S u b s e t f r o m fi g u r e 5 6 , b r a c k e t 2 . C l u s t e r a n a l y s i s o f g e n e r a b y f o r m a t i o n

f r o m t h e W I S . J o h n l o n g i a ( R ) , C r e t o d u s ( S ) , S q u a l i c o r a x * ( T * ) , ? G a n o p r i s t i n a e ( U ) ,

F a m i l y - ? G a n o p r i s t i n a e ( V ) , C r e t o x y r h i n a ( W ) , D a l l a s i e l l a ( X ) , K i e s t u s ( Y ) , C r e t o m a n t a

( Z ) , P r o t o l a m n a * ( A A * ) , P o l y a c r o d u s ( A B ) , H y b o d u s * ( A C * ) , ? R h i n c o d o n t i d a c ( A D ) ,

L e p t o s t y r a x ( A E ) , S c a p a n o r h y n c h u s ( A F ) , O n c h o p r i s t i s ( A G ) , E n a n t i o b a t i s ( A H ) ,

P s e u d o h y p o l o p h u s ( A I ) , C r e t o l a m n a * ( A J * ) , P a r a i s u r u s ( A K ) , C a n t i o s c y l l i u m ( A L ) ,

S c y l i o r h i n i d a e ( A M ) , D a s y a t i s ( A N ) , M i c r o c o r a x ( A 0 ) , P a r a r h i n d o d o n ( A P ) , P t y c h o d u s

( A Q ) , ? D a s y a t i d a e ( A R ) , S q u a t i r h i n a “ ( A S * ) , a n d C e n o c a r c h a r i a s ( A T ) .
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F i g u r e 5 9 . S u b s e t f r o m fi g u r e 5 6 , b r a c k e t 3 . C l u s t e r a n a l y s i s o f g e n e r a b y f o r m a t i o n
f r o m t h e W I S . G i n g l y m o s t o m a ( A U ) , N e b r i u s ( A V ) , A n o m o t o d o n ( A W ) , S c y l i o r h i n u s

( A X ) , S q u a t i g a l e u s ( A Y ) , T r i a k i d a e o r C a r c h i a r h i n i d a e i n d e t . g e n . ( A Z ) , R a j a ( B A ) ,

H a m r a b a t i s ( B B ) , S c h i z o r h i z a ( B C ) , C o u p a t e z i a ( B D ) , T e x a b a t i s ( B E ) , R h o m b o d u s ( B F ) ,

E w i n g i a ( B G ) , P r o t o p l a t y r h i n a “ ( B H * ) , P e y e r i a ( B I ) , C a r c h a r i a s ( B J ) , S e r r a t o l a m n a

( B K ) , G a l e o r h i n u s ( B L ) , C h i l o s c y l l i u m “ ( B M * ) , S o m n i o s i n a e ( s u b f a m i l y ) ( B N ) ,

S c a p a n o r h y n c h u s s p . o r C a r c h a r i a s s p . ( B 0 ) , O n c h o s a u r u s ( B P ) , B r a c h y r h i z o d u s ( B Q ) ,

M y l i o b a t i d a e ( B R ) , T e x a t r y g o n ( B S ) , H e t e r o d o n t u s ( B T ) , P s e u d o c o r a x ( B U ) , R h i n o b a t o s

( B V ) , S c l e r o r h y n c h u s ( B W ) , P l i c a t o s c y l l i u m ( B X ) , S q u a t i n a ( B Y ) , S q u a l u s ( B Z ) ,

L i s s o d u s ( C A ) , H e x a n c h u s ( C B ) , E t m o p t e r i n a e ( s u b f a m i l y ) ( C C ) , P a l a e o g a l e u s ( C D ) ,

R a j i d a e ( C E ) , a n d P a r a n o m o t o d o n ( C F ) .
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F i g u r e 6 0 . C l u s t e r a n a l y s i s o f f o r m a t i o n s b y g e n e r a f r o m t h e W I S .

B r a c k e t 1

S D C a r l i l e S h a l e ( A ) , K S C a r l i l e S h a l e F o r m a t i o n ( B ) , K S N i o b r a r a C h a l k ( C ) , T X

A u s t i n G r o u p ( D ) , T X E a g l e F o r d G r o u p ( E ) , A Z G r e e n h o r n C y c l o t h e m ( F ) , K S
N i o b r a r a F o r m a t i o n ( G ) , S D G r e e n h o r n F o r m a t i o n ( H ) , C O G r e e n h o r n L i m e s t o n e ( I ) , T X

W o o d b i n e G r o u p ( J ) , T X T a y l o r G r o u p ( K ) , a n d T X N a v a r r o G r o u p ( L ) .

B r a c k e t 2

N D H e l l C r e e k F o r m a t i o n ( M ) , S K J u d i t h R i v e r F o r m a t i o n ( N ) , A B J u d i t h R i v e r

F o r m a t i o n ( 0 ) , M T J u d i t h R i v e r F o r m a t i o n * ( P * ) , A B D i n o s a u r P a r k F o r r n a t i o n ( Q ) , W Y

L a n c e F o r m a t i o n ( R ) , M T H e l l C r e e k F o r m a t i o n ( S ) , a n d W Y “ M e s a v e r d e F o r m a t i o n ”

( T ) -
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F i g u r e 6 1 . C l u s t e r a n a l y s i s o f s p e c i e s b y f o r m a t i o n f r o m t h e W I S . E a c h b r a c k e t e d
c l u s t e r i s i l l u s t r a t e d i n m o r e d e t a i l i n F i g u r e s 6 2 - 6 5 .
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F i g u r e 6 2 . S u b s e t f r o m fi g u r e 6 1 , b r a c k e t 1 . C l u s t e r a n a l y s i s o f s p e c i e s b y f o r m a t i o n
f r o m t h e W I S . O d o n t a s p i s s a s k a t c h e w a n e n s i s ( A ) , P t y c h o d u s r u g o s u s ( B ) ,

S y n o d o n t a s p i s l i l l i a e ( C ) , C r e t o d u s s p . ( D ) , S q u a l i c o r a x f a l c a t u s ( E ) , C r e t o m a n t a

c a n a d e n s i s ( F ) , P t y c h o d u s w h i p p l e i ( G ) , P t y c h o d u s s p . ( H ) , P t y c h o d u s c o n n e l l y i ( I ) ,

S c a p a n o r h y n c h u s r a p h i o d o n ( J ) , R h i n o b a t o s i n c e r t u s ( K ) , C r e t o x y r h i n a m a n t e l l i ( L ) ,
P t y c h o d u s m o r t o n i ( M ) , P r o t o l a m n a c o m p r e s s i d e n s ( N ) , S q u a l i c o r a x s p . 1 ( 0 ) ,

S q u a l i c o r a x s p . 2 ( P ) , R h i n o b a t o s k i e s t e n s i s ( Q ) , R h i n o b a t o s l o b a t u s ( R ) , K i e s t u s t e x a n u s

( S ) , S c l e r o r h y n c h u s p r i s c u s ( T ) , S c l e r o r h y n c h u s s p . ( U ) , T e x a t i y g o n h o o v e r i ( V ) ,

D a l l a s i e l l a w i l l i s t o n i ( W ) , P t y c h o d u s l a t i s s i m u s ( X ) , H y b o d u s s p . 3 ( Y ) , H e t e r o d o n t u s s p .

( Z ) , C h i l o s c y l l i u m g r e e n i ( A A ) , S q u a l i c o r a x v o l g e n s i s ( A B ) , C a r c h a r i a s a m o n e n s i s

( A C ) , S q u a l i c o r a x c u r v a t u s ( A D ) , P t y c h o d u s a n o n y m u s ( A E ) , P o l y a c r o d u s

i l l i n g s w o r t h i ( A F ) , P t y c h o d u s o c c i d e n t a l i s ( A G ) , ? R h i n c o d o n t i d a e ( A H ) , C a r c h a r i a s s p .

A ( A 1 ) , S q u a l i c o r a x s p . ( A J ) , P t y c h o d u s m a m m i l a r i s ( A K ) , P t y c h o d u s d e c u r r e n s ( A L ) ,

C h i l o s c y l l i u m s p . ( A M ) , C r e t o d u s s e m i p l i c a t u s ( A N ) , C r e t o l a m n a w o o d w a r d i ( A 0 ) , c f .

L e p t o s t y r a x s p . ( A P ) , P r o t o p l a t y r h i n a h o p i i ( A Q ) , I s c h y r h i z a s c h n e i d e r i ( A R ) ,
O n c h o p r i s t i s d u n k l e i ( A S ) , P t y c h o t r y g o n r u b y a e ( A T ) , B r a c h a e l u r u s g r e e n i ( A U ) ,
C a n t i o s c y l l i u m d e c i p i e n s ( A V ) , ? R h i n o b a t o s i n c e r t u s s p . ( A W ) , ? G a n o p r i s t i n a e ( A X ) ,

P t y c h o t r y g o n I e d o u x i ( A Y ) , P o r c h o t r y g o n t r i a n g u l a r i s * ( A Z * ) , R h i n o b a t o s s p . ( B A ) ,

S y n e c h o d u s i l l i n g w o r t h i ? ( B B ) , P o r c h o d u s p o l y g y r u s ( B C ) , J o h n l o n g i a p a r v i d e n s ( B D ) ,

S y n e c h o d u s s p . ( B E ) , a n d F a m i l y - ? G a n o p r i s t i n a e ( B F ) .
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F i g u r e 6 3 . S u b s e t f r o m fi g u r e 6 1 , b r a c k e t 2 . C l u s t e r a n a l y s i s o f s p e c i e s b y f o r m a t i o n
f r o m t h e W I S . ? P s e u d o h y p o l o p h u s s p . ( B G ) , O d o n t a s p i s a m o n e n s i s ( B H ) , L i s s o d u s s p .
( B I ) , H y b o d u s s p . ( B J ) , H y b o d u s s p . 1 ( B K ) , H y b o d u s s p . 2 ( B L ) , C r e t o r e c t o l o b u s s p .
( B M ) , P a r a r h i n c o d o n a f f . l e h m a m ' ( B N ) , C e n o c a r c h a r i a s t e n u i p l i c a t u s ( B O ) , O d o n t a s p i s

t e n u i p l i c a t u s ( B P ) , S c a p a n o r h y n c h u s a fi . p r a e r a p h i o d o n ( B Q ) , L e p t o s t y r a x m a c r o r h i z a

( B R ) , P a r a i s u r u s c o m p r e s s u s ( B S ) , P r o t o l a m n a c a r t e r i ( B T ) , S q u a l i c o r a x b a h a r i j e n s i s
( B U ) , P s e u d o h y p o l o p h u s m c n u l t y i ( B V ) , P t y c h o t r y g o n s l a u g h t e r i ( B W ) , ? D a s y a t i d a e
( B X ) , E n a n t i o b a t i s t a r r a n t e n s i s ( B Y ) , P t y c h o t r y g o n h 0 0 v e r i * ( B Z * ) , P r o t o l a m n a

s o k o l o v i “ ( C A * ) , C a n t i o s c y l l i u m s p . ( C B ) , M i c r o c o r a x c r a s s u s ( C C ) , ? S q u a t i r h i n a s p .

( C D ) , I s c h y r h i z a s p . * ( C E * ) , C a r c h a r i a s s p . ( C F ) , O d o n t a s p i s s p . ( C G ) , C r e t o l a m n a

a p p e n d i c u l a t a * ( C H * ) , P e y e r i a s p . ( C I ) , c f . P a r a r h i n c o d o n s p . ( C J ) , C a r c h a r i a s

s a s k a t c h e w a n e n s i s ( C K ) , C a r c h a r i a s t e n u i p l i c a t u s ( C L ) , c f . J o h n / o n g i a s p . ( C M ) ,
C a r c h a r h i n i f o r m e s i n c e r t a e s e d i s ( C N ) , a n d P n z c h o t r y g o n s p . ( C 0 ) .
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F i g u r e 6 4 . S u b s e t f r o m fi g u r e 6 1 , b r a c k e t 3 . C l u s t e r a n a l y s i s o f s p e c i e s b y f o r m a t i o n

f r o m t h e W I S . C a r c h a r i a s s t e i n e r i ( C P ) , C r e t o r e c t o l o b u s o l s o n i * ( C Q * ) , E u c r o s s o r h i n u s

m i c r o c u s p i d a t u s * ( C R * ) , P r o t o p l a t y r h i n a r e n a e * ( C S * ) , I s c h y r h i z a m i r a “ ( C T * ) ,

P t y c h o t r y g o n b l a i n e n s i s * ( C U * ) , S q u a t i r h i n a s p . * ( C V * ) , O d o n t a s p i s s a n g u i n e i * ( C W * ) ,

M y l e d a p h u s b i p a r t i t u s * ( C X * ) , H y p o t o d u s s p p . * ( C Y * ) , S y n e c h o d u s a n d e r s o n i “ ( C Z * ) ,

H y b o d u s s t o r e r i * ( D A * ) , H y b o d u s m o n t a n e n s i s “ ( D B * ) , S y n e c h o d u s s t r i a t u s “ D C * ) ,

H y p o t o d u s g r a n d i s * ( D D * ) , A r c h a e o t r i a k i s r 0 c h e l l e a e * ( D B * ) , S c l e r o r h y n c h i d a e i n d e t . *

( D F * ) , A r c h a e o l a m n a k 0 p i n g e n s i s * ( D G * ) , B r a c h a e l u r u s b i g h o m e n s i s ( D H ) , L i s s o d u s

g r i f fi s i ( D I ) , C e n t r o p h o r o i d e s w o r l a n d e n s i s ( D J ) , S y n e c h o d u s t u r n e r i ( D K ) ,

C h i l o s c y l l i u m m i s s o u r i e n s i s “ ( D L * ) , G i n g l y m o s t o m a g l o b i d e n s ( D M ) , O d o n t a s p i s

c h e a t h a m i ( D N ) , O d o n t a s p i s s t e i n e r i ( D 0 ) , P s e u d o d o n t a s p i s h e r b s t i ( D P ) , S q u a l i c o r a x

k a u p i * ( D Q * ) , S q u a l i c o r a x p r i s t o d o n t u s * ( D R * ) , S c y l i o r h i n u s t e n s l e e p e n s i s ( D S ) ,

A r c h a e o t r i a k i s o r n a t u s ( D T ) , S q u a t i r h i n a r o e s s i n g i ( D U ) , A n k i s t r o r h y n c h u s

w a s h a k i e n s i s ( D V ) , I s c h y r h i z a b a s i n e n s i s ( D W ) , P t y c h o t r y g o n b o o t h i ( D X ) ,

P t y c h o t r y g o n e l l a e ( D Y ) , P t y c h o t r y g o n g r e y b u l / e n s i s ( D Z ) , R h i n o b a t o s c a s i e r i ( E A ) , a n d
S c a p a n o r h y n c h u s t e x a n u s ( E B ) .

1 5 6



; m m

“ t u t o r i a l
. . J t 1 C 1 “

m : 1 C ) “ -

U l l l i 1 C 2 ” -

r ' r ' l r ' l g D P )

1 1 1 1 3 3 m i f l ’

1 1 . 1 5 9 %
1 1 8 1 1 [ D i l l

d r i l l ' i i ‘ l b f ' ! - :

5 , 1 1 1 . 1 0 : . 9 1 1 1

. 1 4 0 5 "
i i i ( ” 1 1 2 1 1 ; 1 1 "

i n f i l l 1 m

 !

r1 1.
1

0 . 9 6 4

0 . 8 4 -    
0 . 7 2 -

0 . 6 -    
0 . 4 8 -

0 . 3 6 -

S
i
m
i
l
a
r
i
t
y

0 . 2 4 -  
r
m

 

 

0 . 1 2 -   
1 0 0 1 2 5 1 5 0

1 5 7

 



F i g u r e 6 5 . S u b s e t f r o m fi g u r e 6 1 , b r a c k e t 4 . C l u s t e r a n a l y s i s o f s p e c i e s b y f o r m a t i o n
f r o m t h e W I S . H y b o d u s w y o m i n g e n s i s ( E C ) , O d o n t a s p i s a c u l e a t u s ( E D ) , H e x a n c h u s s p .

( E E ) , H e t e r o d o n t u s g r a n t i ( E F ) , G i n g l y m o s t o m a s p . ( E G ) , N e b r i u s s p . ( E H ) , R h i n o b a t o s

c r a d d o c k i ( E l ) , R a j a f a r i s h i ( E J ) , H a m r a b a t i s w e l t o n i ( E K ) , I s c h y r h i z a m o n a s t e r i c a ( E L ) ,

P t y c h o t r y g o n v e r m i c u l a t a ( E M ) , P o r c h o t r y g o n w i n n i ( E N ) , S c h i z o r h i z a c f . w e i l e r i ( E 0 ) ,

S c l e r o r h y n c h u s p e t t e r s i ( E P ) , C o u p a t e z i a t u r n e r i ( E Q ) , D a s y a t i s c o m m e r c e n s i s ( E R ) ,

T e x a b a t i s c o r r u g a t a ( E S ) , R h o m b o d u s b i n k h o r s t i ( E T ) , R h o m b o d u s ? s p . ( E U ) , E w i n g i a

p r o b l e m a t i c a ( E V ) , R h i n o b a t o s u v u l a t u s ( E W ) , S q u a l u s s p . ( E X ) , L i s s o d u s a f f . b a b u l s k i i

( E Y ) , L i s s o d u s s p p . ( E Z ) , H e x a n c h u s m i c r o d o n ( F A ) , S q u a l u s h u n t e n s i s ( F B ) , S q u a t i n a

h a s s e i ( F C ) , C a n t i o s c y l l i u m m e y e r i ( F D ) , P l i c a t o s c y l l i u m a n t i q u u m ( F E ) , C a r c h a r i a s

h e a t h i ( F F ) , C a r c h a r i a s h o l m d e l e n s i s ( F G ) , C a r c h a r i a s c f . s a m h a m m e r i ( F H ) ,

C a r c h a r i a s s p . 1 ( F I ) , A n o m o t o d o n t o d d i ( F J ) , C r e t o l a m n a m a r o c c a n a ( F K ) , C r e t o l a m n a

s p . ( F L ) , S c y l i o r h i n u s i v a g r a n t a e ( F M ) , G a l e o r h i n u s a f f . g i r a r d o t i ( F N ) , P a l a e o g a l e u s

n a v a r r o e n s i s ( F 0 ) , S q u a t i g a l e u s s u l p h u r e n s i s ( F P ) , T r i a k i d a e o r C a r c h a r h i n i d a e i n d e t .

g e n . ( F Q ) + , S c y l i o r h i n u s a r l i n g t o n e n s i s ( F R ) + , P t y c h o t r y g o n t e x a n a ( F S ) + ,

S c a p a n o r h y n c h u s s p . ( F T ) , S q u a t i r h i n a a m e r i c a n a ( F U ) , I s c h y r h i z a a v o n i c o l a * ( F V * ) ,

R h i n o b a t o s l a d o n i a e n s i s ( F W ) , L i s s o d u s s e l a c h o s ( F X ) , S o m n i o s i n a e ( s u b f a m i l y ) ( F Y ) ,

E t m o p t e r i n a e ( s u b f a m i l y ) ( F Z ) , P a r a r h i n c o d o n g r o e s s e n s s i ( G A ) , S c a p a n o r h y n c h u s s p .

o r C a r c h a r i a s s p . ( G B ) , S c y l i o r h i n u s t a y l o r e n s i s ( G C ) , O n c h o s a u r u s p h a r o ( G D ) ,

S c l e r o r h y n c h u s f a n n i n e n s i s ( G E ) , S c l e r o r h y n c h u s s p . ( G F ) , T e x a t r y g o n c o p e i ( G G ) ,

M y l i o b a t i d a e ( G H ) , P t y c h o t r y g o n a g u j a G I ) , P l i c a t o s c y l l i u m d e r a m e e i ( G J ) , C a r c h a r i a s

s p . B ( G K ) , S e r r a t o l a m n a s e r r a t a ( G L ) , G a l e o r h i n u s s p . ( G M ) , P a l a e o g a l e u s s p . ( G N ) ,

R a j i d a e ( G 0 ) , B r a c h y r h i z o d u s w i c h i t a e n s i s ( G P ) , P s e u d o c o r a x g r a n t i ( G Q ) ,

S c y l i o r h i n i d a e ( G R ) , I s c h y r h i z a t e x a n a ( G S ) , D a s y a t i s s p p . ( G T ) , S c l e r o r h y n c h u s s p .
( G U ) , H e t e r o d o n t u s c f . c a n a l i c u l a t u s ( G V ) , a n d P a r a n o m o t o d o n s p . ( G W ) .

N o t e : T r i a k i d a e o r C a r c h a r h i n i d a e i n d e t . g e n . ( F Q ) + , S c y l i o r h i n u s a r l i n g t o n e n s i s ( F R ) + ,

P t y c h o t r y g o n t e x a n a ( F S ) + a r e o f f s e t i n t h e fi g u r e d u e t o c r o w d i n g o f t h e t r e e .
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F i g u r e 6 6 . C l u s t e r a n a l y s i s o f f o r m a t i o n s b y s p e c i e s f r o m t h e W I S .

B r a c k e t 1

S D C a r l i l e S h a l e ( A ) , K S C a r l i l e S h a l e F o r m a t i o n ( B ) , K S N i o b r a r a C h a l k ( C ) , T X E a g l e

F o r d G r o u p ( D ) , T X A u s t i n G r o u p ( E ) , A Z G r e e n h o r n C y c l o t h e m ( F ) , S D G r e e n h o r n

F o r m a t i o n ( G ) , C O G r e e n h o r n L i m e s t o n e ( H ) , K S N i o b r a r a F o r m a t i o n ( I ) , a n d T X

W o o d b i n e G r o u p ( J ) .

B r a c k e t 2

N D H e l l C r e e k F o r m a t i o n ( K ) , T X T a y l o r G r o u p ( L ) , T X N a v a r r o G r o u p ( M ) , W Y

L a n c e F o r m a t i o n ( N ) , M T H e l l C r e e k F o r m a t i o n ( 0 ) , S K J u d i t h R i v e r F o r m a t i o n ( P ) , M T

J u d i t h R i v e r F o r m a t i o n * ( 0 * ) , W Y “ M e s a v e r d e F o r m a t i o n ” ( R ) , A B J u d i t h R i v e r

F o r m a t i o n ( S ) , a n d A B D i n o s a u r P a r k F o r m a t i o n ( T ) .
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F i g u r e 6 7 . P A E s t r i c t c o n s e n s u s o f W I S g e n e r a .

 

 

 

 



   

   
I L , ‘ i .

+ = J u d i t h R i v e r F o r m a t i o n
P r o v i n c e

. = T e x a s P r o v i n c e

I = G r e e n h o r n P r o v i n c e

F i g u r e 6 8 . W e s t e r n I n t e r i o r S e a w a y ( W I S ) 7 5 M a ( a p p r o x i m a t e a g e o f t h e J R F i n
M o n t a n a ) - g e o g r a p h i c a l f o c u s f o r J R F f a u n a l c o m p a r i s o n s w i t h l o c a l a r e a s / f o r m a t i o n s o f
t h i s s t u d y r o u g h l y p o s i t i o n e d , p r o v i n c e s b y g e n e r a ( m o d i fi e d f r o m B l a k e y , 2 0 0 9 ) .
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F i g u r e 6 9 . P A E s t r i c t c o n s e n s u s o f W I S s p e c i e s .

 



 = J u d i t h R i v e r F o r m a t i o n

P r o v i n c e

= T e x a s P r o v i n c e

I = G r e e n h o r n P r o v i n c e

  
 

F i g u r e 7 0 . W e s t e r n I n t e r i o r S e a w a y ( W I S ) 7 5 M a ( a p p r o x i m a t e a g e o f t h e J R F i n
M o n t a n a ) - g e o g r a p h i c a l f o c u s f o r J R F f a u n a l c o m p a r i s o n s w i t h l o c a l a r e a s / f o r m a t i o n s o f
t h i s s t u d y r o u g h l y p o s i t i o n e d , p r o v i n c e s b y s p e c i e s ( m o d i fi e d f r o m B l a k e y , 2 0 0 9 ) .
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W o o d h a w k P o w e r P l a n t F e r r y
 

H y b o d u s m o n t a n e n s i s
C r e t o r e c t o l o b u s o l s o n i
S q u a l i c o r a x k a u p i
S q u a l i c o r a x s p . , c f . S . k a u p i
S q u a l i c o r a x p r i s t o d o n t u s
H y p o t o d u s g r a n d i s
H y p o t o d u s s p p .
A r c h a e o l a m n a k o p i n g e n s i s
C r e t o l a m n a a p p e n d i c u l a t a

P r o t o l a m n a s o k o l o v i
A r c h a e o t r i a k i s r o c h e l l e a e
P r o t o p l a t y r h i n a r e n a e
S q u a t i r h i n a s p .
I s c h y r h i z a a v o n i c o l a
I s c h y r h i z a m i r a
P t y c h o t r y g o n h o o v e r i
P t y c h o t r y g o n t r i a n g u l a r i s
S c l e r o r h y n c h i d a e i n d e t .
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T a b l e 9 . C h o n d r i c h t h y a n f a u n a o f t h e J R F b y b o n e b e d s .
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C H A P T E R F O U R

T A P H O N O M Y

W h i l e t a p h o n o m y i s a g r o w i n g fi e l d w i t h i n p a l e o n t o l o g y , l i t t l e w o r k h a s b e e n d o n e i n t h e

a r e a o f m a r i n e v e r t e b r a t e p a l e o n t o l o g y . T h e o b s e r v e d p r e s e r v a t i o n a l s t a t e s o f

C h o n d r i c h t h y a n t e e t h f r o m t h e W o o d h a w k B o n e b e d ( W H ) a n d l a t e r f r o m t h e P o w e r P o i n t

F e r r y B o n e d b e d ( P P F ) p r o m p t e d a n a c t u a l i s t i c e x p e r i m e n t o n e x t a n t s h a r k a n d r a y t e e t h

i n a n a t t e m p t t o s i m u l a t e p o s t - m o r t e m / p o s t - s h e d d i n g t r a n s p o r t a n d d e v e l o p a t a p h o n o m i c

s c a l e .

B a c k g r o u n d

T a p h o n o m y , w h i c h h a s i t s o r i g i n s i n b i o e r o s i o n s t u d i e s i n t h e 1 8 0 0 3 ( T r y o n , 1 8 6 3 ;

W r i g h t , 1 8 6 6 ; a n d W h i t fi e l d , 1 8 9 3 a m o n g o t h e r s ) , h a s b e e n l a r g e l y i g n o r e d u n t i l

r e l a t i v e l y r e c e n t l y ( B e h r e n s m e y e r , 1 9 9 1 ; L y m a n , 1 9 9 4 ; a n d R o g e r s a n d K i d w e l l , 2 0 0 0 ) .

I t i s n o w a f a s t g r o w i n g d i s c i p l i n e w i t h i n p a l e o n t o l o g y . T a p h o n o m y i s t h e s t u d y o f t h e

p r o c e s s e s a n d c o n d i t i o n s t h a t a f f e c t h o w o r g a n i s m s b e c o m e f o s s i l i z e d . A s d e fi n e d b y

E f r e m o v ( 1 9 4 0 : 8 5 ) i t i s “ t h e s t u d y o f t h e t r a n s i t i o n ( i n a l l i t s d e t a i l s ) o f a n i m a l r e m a i n s

9 ,f r o m t h e b i o s p h e r e i n t o t h e l i t h o s p h e r e . A n y t a p h o n o m i c t e r m s a n d d e fi n i t i o n s u s e d

h e r e w i l l f o l l o w B e h r e n s m e y e r ( 1 9 9 1 ) a n d L y m a n ( 1 9 9 4 ) . M u c h o f t h e t a p h o n o m i c

l i t e r a t u r e i s n o t d i r e c t l y a p p l i c a b l e t o t h e c u r r e n t s t u d y a s i t c o n c e n t r a t e s o n i n v e r t e b r a t e s

o r t e r r e s t r i a l v e r t e b r a t e s . O n e e x c e p t i o n i s t h e w o r k o f W e i g e l t ( 1 9 8 9 ) . T h e b u l k o f h i s

o b s e r v a t i o n s w e r e o n t e r r e s t r i a l v e r t e b r a t e s , b o t h e x t a n t a n d f o s s i l , b u t h e d i d i n v e s t i g a t e

s t r a n d e d e x t a n t fi s h e s o n a T e x a s l a k e s h o r e a s w e l l a s t h e f o s s i l fi s h e s o f t h e E o c e n e
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( M e s s e l ) a n d M i o c e n e o f E u r o p e . E x p e r i m e n t a l w o r k o n s h a r k t e e t h ( T u l u , 2 0 0 6 a n d

2 0 0 7 a n d l r m i s a n d E l l i o t t , 2 0 0 6 ) a n d m a r i n e m a m m a l s ( V a n O r d e n a n d G o d f r e y , 2 0 0 8 )

a r e a m o n g t h e m o r e r e c e n t s t u d i e s t h a t h a v e l o o k e d a t t a p h o n o m y o f m a r i n e v e r t e b r a t e s .

P r e v i o u s w o r k o n J R F t a p h o n o m y

R o g e r s , R o g g r s a n d E b e r t h , a n d R o g e r s a n d K i d w e l l

A s t u d y b y R o g e r s ( 1 9 9 8 ) o n t h e J R F a n d t h e T w o M e d i c i n e F o r m a t i o n s h o w e d t h a t t h e

s e q u e n c e a n a l y s i s o f t h e r e g r e s s i o n s a n d t r a n s g r e s s i o n s d u r i n g t h e L a t e C r e t a c e o u s c o u l d

b e u s e d f o r t h e e v a l u a t i o n o f t e r r e s t r i a l t a p h o n o m y i n t h e c o n t e x t o f s e a - l e v e l c y c l i c i t y .

I n t h e i r s t u d y o n t h e J R F i n M o n t a n a a n d t h e O l d m a n F o r m a t i o n a n d D i n o s a u r P a r k

F o r m a t i o n i n s o u t h e r n A l b e r t a , R o g e r s a n d E b e r t h ( 1 9 9 6 ) d i s c o v e r e d t h a t t h e r e i s 3

t a p h o n o m i c s i g n a l ; t h e i n c r e a s e i n r e l a t i v e a b u n d a n c e o f v e r t e b r a t e m i c r o f o s s i l

a s s e m b l a g e s c o r r e l a t e w i t h t h e l o w e r c o a s t a l p l a i n e n v i r o n m e n t , a n d s u g g e s t s t h a t t h e

m i c r o f o s s i l v e r t e b r a t e a s s e m b l a g e s c a n b e u s e d i n b a s i n a n a l y s i s . R o g e r s a n d K i d w e l l

( 2 0 0 0 ) s u g g e s t s t h a t v e r t e b r a t e s k e l e t a l a c c u m u l a t i o n i s n o t a r e l i a b l e p r o x y t o l o c a t e

s t r a t i g r a p h i c a l l y s i g n i fi c a n t l a y e r s b e c a u s e t h e a p p e a r a n c e o f s k e l e t a l a c c u m u l a t i o n s i s

n o t p r e d i c t a b l e . I t a l s o d e m o n s t r a t e d t h a t t h e d i s t r i b u t i o n o f f o s s i l s o n e r o s i o n a l l y

c o n t r o l l e d h i a t a l s u r f a c e s m a y b e u n r e l a t e d t o t h e h i a t u s , a n d t h a t , i n f a c t , t h e

d i s c o n t i n u i t y s u r f a c e s ( w h e r e t h e b o n e b e d s o c c u r ) a s s o c i a t e d w i t h t h e v e r t e b r a t e s k e l e t a l

c o n c e n t r a t i o n s a r e t i m e - a v e r a g e d m i x t u r e s o f e c o l o g i c a l l y a n d / o r t a p h o n o m i c a l l y

d i s p a r a t e f o s s i l m a t e r i a l .
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L a R o c k e t a l .

L a R o c k e t a l . ( 2 0 0 0 3 - b ) d i s c o v e r e d a r i c h c o n c e n t r a t i o n o f h a d r o s a u r d i n o s a u r b o n e s i n

n o r t h e a s t e r n M o n t a n a . T h e b o n e s w e r e p r e s e r v e d i n a n e s t u a r i n e d e p o s i t a n d s h o w e d

m i n i m a l w e a t h e r i n g , s o m e s c a v e n g i n g , a n d n o w i n n o w i n g o f t h e b o n e s . T h e w e l l

p r e s e r v e d n a t u r e o f t h e b o n e s s u g g e s t s t h a t t h e b o d i e s o f t h e d e a d h a d r o s a u r s s t a y e d

i n t a c t t h r o u g h t r a n s p o r t u n t i l e n c o u n t e r i n g a n o b s t a c l e ( a t r e e i n t h i s i n s t a n c e ) w h e r e u p o n

t h e y b a c k e d u p c r e a t i n g a “ l o g j a m . ”

T h e s e r e c e n t fi e l d s t u d i e s d e s c r i b e d t e r r e s t r i a l a n d m a r i n e t a p h o n o m y o f v e r t e b r a t e a n d

i n v e r t e b r a t e f o s s i l s o f t h e J R F . H o w e v e r n o n e o f t h e s t u d i e s f o c u s e d o n e l a s m o b r a n c h

t e e t h , t h o u g h t h e y a r e m e n t i o n e d a s b e i n g p r e s e n t i n t h e l a g d e p o s i t s i n a s s o c i a t i o n w i t h

m a r i n e r e p t i l e b o n e s a n d t e r r e s t r i a l t e e t h ( m a m m a l a n d d i n o s a u r ) ( R o g e r s a n d K i d w e l l ,

2 0 0 0 )

N e w o b s e r v a t i o n s a n d q u e s t i o n s o n J R F t a p h o n o m y

I n i t i a l o b s e r v a t i o n s o f t h e p r e s e r v a t i o n a l s t a t e s o f t h e t e e t h a n d a s s o c i a t e d f o s s i l s f r o m t h e

W o o d h a w k B o n e b e d ( W H ) f a u n a l e d t o q u e s t i o n s r e g a r d i n g t h e t a p h o n o m y o f f o s s i l s

f o u n d i n t h e b o n e b e d . T h e s e q u e s t i o n s a l s o b e c a m e k e y t o t h e o r i g i n a l t h r u s t o f t h i s

p r o j e c t , w h i c h w a s a s t u d y o f t h e f a u n a a n d t h e p a l e o e n v i r o n m e n t . F o r e x a m p l e ,

t a p h o n o m y c a n a d d t o t h e c h a l l e n g e s o f i d e n t i f y i n g t h e s h a r k t e e t h l e a d i n g t o

m i s i d e n t i fi c a t i o n . T a x o n o m i c s t u d i e s b y S i v e r s o n ( 1 9 9 5 ) a n d N a y l o r a n d M a r c u s ( 1 9 9 4 )

d i d n o t f a c t o r i n t a p h o n o m y . M i s i d e n t i fi c a t i o n d u e t o t a p h o n o m i c f a c t o r s s h o u l d n o t b e

a n i s s u e w i t h t h e m a t e r i a l p r e s e n t e d h e r e a s a n y t o o t h l a c k i n g d i a g n o s t i c f e a t u r e s w a s l e f t
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u n i d e n t i fi e d . P r e s e r v a t i o n o f f o s s i l t e e t h i n t h e W H f o s s i l s r a n g e s f r o m p r i s t i n e o r w h a t

w a s l a t e r d e e m e d n e a r p r i s t i n e t e e t h ( w h i c h a c c o u n t s f o r ~ 3 8 % o f t h e W H m a t e r i a l ) ,

a l o n g w i t h d e r m a l d e n t i c l e s , p r e s e r v e d b i t s o f p r i s m a t i c c a r t i l a g e , a n d f r a g m e n t a r y t e e t h ,

c e n t r a , a n d e x t r e m e l y f r i a b l e c h i m a e r i d t o o t h p l a t e s . T h e m i x e d q u a l i t y o f p r e s e r v a t i o n

s u g g e s t s i n fl u e n c e s b y a r a n g e o f t a p h o n o m i c p r o c e s s e s p r i o r t o fi n a l b u r i a l ( T u l u , 2 0 0 7 ) .

E p h o n o m i c f e a t u r e s o f A r c h a e o l a m n a k o p i n g e n s i s t e e t h

S t r i a t i o n s

A r c h a e o l a m n a k o p i n g e n s i s t e e t h f r o m t h e W H w e r e c h o s e n f o r a n i n i t i a l t a p h o n o m i c

a n a l y s i s b e c a u s e o f t h e i r a b u n d a n c e , w h a t s e e m e d t o b e t h e f u l l r a n g e o f p r e s e r v a t i o n a l

s t a t e s f r o m p r i s t i n e t o b r o k e n , a n d t h e y w e r e o f s u f fi c i e n t l y l a r g e s i z e t o b e u s e d f o r t h i s

s t u d y . A s n o t e d e a r l i e r i n t h e s y s t e m a t i c p a l e o n t o l o g y s e c t i o n , s o m e o f t h e A .

k o p i n g e n s i s t e e t h b e a r s t r i a t i o n p a t t e r n s o f w h i t e o r g r a y s e t a g a i n s t a b r o w n o r d a r k e r

g r a y b a c k g r o u n d . T h e w h i t e s t r i a t i o n s a r e p r e s u m e d t o b e r e m n a n t o r i g i n a l t o o t h e n a m e l .

T h e w h i t e r e m n a n t s , i f t h e y a r e e n a m e l , p r e s e n t i n t h e s e s t r i a t e p a t t e r n s p o s e q u e s t i o n s

r e g a r d i n g t h e e n a m e l a n d h o w i t i s r e t a i n e d , l o s t , o r p e r h a p s a l t e r e d d i a g e n e t i c a l l y .

I t h a s b e e n p r o p o s e d a n d a s s u m e d t h a t t h e s t r i a t i o n s s u c h a s t h o s e s e e n i n o t h e r f o s s i l s

w e r e c a u s e d b y p l a n t r o o t s , h o w e v e r t h e r e h a d b e e n n o d o c u m e n t a t i o n t o s u p p o r t t h i s

u n t i l a p r e l i m i n a r y e x p e r i m e n t a l s t u d y b y l o o k a n d B e h r e n s m e y e r ( 2 0 0 8 ) , w h o u t i l i z e d

m o d e r n b o n e w i t h e n c o u r a g i n g r e s u l t s . A f t e r t w o m o n t h s o f b u r i a l b e n e a t h s n o w p e a s ,

t h e s u r f a c e o f b o v i d b o n e s h o w e d d e g r a d a t i o n a n d t h e o u t e r m o s t c o r t i c a l b o n e s t r i p p e d

a w a y . S E M i m a g e s s h o w e d a s h a l l o w r o o t t r a c e n e t w o r k . U n d e r w o o d e t 3 1 . ( 1 . 9 9 9 ) a l s o
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i n v e s t i g a t e d p o t e n t i a l r o o t a c t i o n o n f o s s i l s , h o w e v e r t h e m a r k i n g s a c t u a l l y p r o v e d t o b e

p o s t - m o r t e m m i c r o b o r i n g s b y c o l o n i z a t i o n o f e n d o l i t h i c o r g a n i s m s s u c h a s M y c e l i t e s a n d

A b e l i e l l a . B a s e d o n t h e s e s t u d i e s , s t r i a t i o n s a p p e a r t o b e a p o s t - d e p o s i t i o n a l f e a t u r e s

r e l a t e d t o p o s t - b u r i a l b i o t i c a c t i v i t y . A r e l a t e d q u e s t i o n c a n i n v e s t i g a t e w h e t h e r e x t a n t

a n d f o s s i l m a t e r i a l i s a f f e c t e d i n t h e s a m e m a n n e r i n r o o t e x p e r i m e n t s ( a n d e n d o l i t h i c

o r g a n i s m s ) .

R o u n d i n g / b r e a k a g e

I n a d d i t i o n t o t h e s t r i a t i o n s , a l l o f t h e A r c h a e o l a m n a k o p i n g e n s i s t e e t h d i s p l a y s o m e

d e g r e e o f r o u n d i n g o f t h e c u s p s , c u t t i n g e d g e s , a n d / o r r o o t . G r o s s m o r p h o l o g i c a l f e a t u r e s

s u c h a s t h e c u s p , c u s p l e t s , a n d r o o t l o b e s a r e o n t h e w h o l e p r e s e r v e d . T e e t h t h a t s h o w

a n y b r e a k a g e t y p i c a l l y s h o w o n e s i d e o f t h e l a t e r a l c u s p l e t ( s ) b r o k e n o f f , b r e a k a g e t h a t i n

m o s t c a s e s a p p e a r t o b e f r e s h a s t h e r e i s n o r o u n d i n g o f t h e f r a c t u r e d e n d a n d t h e s u r f a c e

i s c l e a n o f s e d i m e n t d u s t . A p p r o x i m a t e l y 2 7 % o f a l l t e e t h a r e b r o k e n ( T a b l e 1 0 ) . T o o t h

b r e a k a g e t e n d s t o o c c u r t h r o u g h t h e r o o t b e t w e e n t h e m a i n c u s p a n d t h e l a t e r a l c u s p l e t ( s ) ,

r e l a t e d t o p o t e n t i a l w e a k p o i n t s i n t h e t e e t h . T h e i n i t i a l c o l l e c t i o n f r o m t h e W H c o n t a i n s

~ 8 . 5 % ( T a b l e 2 3 ) o f b r o k e n c u s p s , b r o k e n r o o t s , a n d m a n y c u s p s t h a t w e r e n o t

i d e n t i fi a b l e o t h e r t h a n b e i n g s o m e s o r t o f l a m n i f o r m ( F i g u r e 7 1 ) .

P r e l i m i n a r y T a p h o n o m i c C h a r a c t e r i z a t i o n S c a l e f o r A r c h a e o l a m n a k o p i n g e n s i s t e e t h

V a r i a b l e A r c h a e o l a m n a k o p i n g e n s i s t o o t h p r e s e r v a t i o n l e d t o a p r e l i m i n a r y t a p h o n o m y

s c a l e ( T a b l e 1 0 ) c o m p r i s i n g t h e s e c a t e g o r i e s :

0 “ P r i s t i n e w i t h p a t c h y c o l o r a t i o n , ”
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90 “ R o o t m i n i m a l l y a b r a d e d w i t h p a t c h y c r o w n c o l o r a t i o n , ’

o “ P r i s t i n e w i t h c r o w n t i p b r o k e n , ”

0 “ R o o t a b r a d e d w i t h p a t c h y c o l o r a t i o n , ”

0 “ B r o k e n , ” a n d

0 “ B r o k e n w i t h p a t c h y c o l o r a t i o n . ”

T e e t h a r e l i s t e d b y t h e i r a p p r o x i m a t e p o s i t i o n w i t h i n t h e m o u t h , a n t e r i o r , l a t e r a l , a n d

p o s t e r i o r . T h e p l a c e m e n t o f t e e t h b y p o s i t i o n s h o u l d b e r e g a r d e d a s a p p r o x i m a t e .

“ P r i s t i n e ” t e e t h a r e r e p r e s e n t e d i n a l l t o o t h p o s i t i o n s w i t h 3 7 . 5 % o f a l l t e e t h b e i n g

p r i s t i n e ( T a b l e 1 0 ) . T h e “ B r o k e n p a t c h y c o l o r a t i o n ” t e e t h a r e a l s o r e p r e s e n t e d i n a l l

t o o t h p o s i t i o n s w i t h 1 8 . 8 % o f t h e t o t a l t e e t h ( T a b l e 1 0 ) . T h e r e m a i n i n g c a t e g o r i e s a r e n o t

p r e s e n t i n a l l t o o t h p o s i t i o n s b u t t h e y c o m p r i s e 4 3 . 8 % o f a l l t e e t h ( T a b l e 1 0 ) . T h e r e

a p p e a r s t o b e n o s p e c i a l t r e n d o r d i s t r i b u t i o n o f t e e t h o v e r p o s i t i o n a n d p r e s e r v e d s t a t e ,

h o w e v e r a X Z - t e s t w a s e m p l o y e d t o t e s t t h e n u l l h y p o t h e s i s t h a t t o o t h p r e s e r v a t i o n i s

i n d e p e n d e n t o f t o o t h p o s i t i o n .

X Z - t e s t o f P r e l i m i n a r y C h a r a c t e r i z a t i o n S c a l e ( O b s e r v e d v e r s u s E x p e c t e d )

T h e X z - t e s t i s u s e d t o m e a s u r e h o w f a r t h e o b s e r v e d c o u n t s ( t e e t h p e r c a t e g o r y ) a r e f r o m

t h e e x p e c t e d c o u n t s ( M o o r e , 2 0 0 0 ) . T o e m p l o y t h e X z - t e s t f o r t h e d a t a i n T a b l e 1 0 ,

e x p e c t e d v a l u e s w e r e c a l c u l a t e d ( S i e g e l , 1 9 5 6 ) i n T a b l e 1 1 w h e r e “ o ” = o b s e r v e d a n d “ e ”

= e x p e c t e d v a l u e s . D a t a w e r e a l s o a n a l y z e d w i t h t h e p r o g r a m P A S T . E x c e l a n d P A S T

c a l c u l a t e d t h e X 2 w h e r e p = 0 . 3 1 8 6 1 ( f o r a n t e r i o r ) , 0 . 1 2 4 5 ( f o r l a t e r a l ) , a n d 0 . 2 7 9 5 4 ( f o r
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p o s t e r i o r ) ( f u l l P A S T r e a d o u t i s a v a i l a b l e i n A p p e n d i x E ) . U s i n g t h e s t a n d a r d p = 0 . 0 5

n o n e o f t h e c a l c u l a t e d v a l u e s a r e s i g n i fi c a n t a t t h a t l e v e l . I t w o u l d a p p e a r t h a t t h e

d i s t r i b u t i o n o f t e e t h i s w i t h i n n o r m a l p a r a m e t e r s a n d t h e r e f o r e t h e n u l l h y p o t h e s i s i s

a c c e p t e d . O n e f a c t o r t h a t n e e d s t o b e t a k e n i n t o a c c o u n t i s t h e p r o b l e m o f i n s u f fi c i e n t

d a t a ,

T h e c h i - s q u a r e t e s t i s n o t a c c u r a t e i f a n y o f t h e c e l l s c o n t a i n f e w e r t h a n
fi v e i t e m s ( a s a r u l e i f t h u m b ) . ( H a m m e r a n d H a r p e r , 2 0 0 6 : 5 8 )

T h i s i s a l s o s u p p o r t e d b y S i e g e l ( 1 9 5 6 : 1 1 0 ) . A s 1 1 o f t h e 1 8 c e l l s h a v e f e w e r t h a n fi v e

t e e t h ( w i t h s i x c e l l s t h a t h a v e z e r o t e e t h ) , t h i s t e s t m a y n o t b e a n a p p r o p r i a t e a s s e s s m e n t

o f t h e d a t a . T h e d a t a a r e c a t e g o r i c a l i n n a t u r e , w h i c h i s w h a t t h e X z - t e s t i s u s e d f o r ,

h o w e v e r t h e s a m p l e s i z e i s j u s t b a r e l y l a r g e e n o u g h w i t h 4 0 b e i n g t h e m i n i m u m f o r a

s a m p l e s i z e ( S i e g e l , 1 9 5 6 : 1 1 0 ) . O n e s o l u t i o n w o u l d b e t o i n c r e a s e t h e s a m p l e s i z e b u t

t h a t i s n o t a l w a y s p o s s i b l e , p a r t i c u l a r l y w i t h f o s s i l d a t a . T h i s i s e s p e c i a l l y t h e c a s e w h e n

o n e o f t h e s i t e s f r o m w h i c h t h e f o s s i l s o r i g i n a t e ( W H ) n o l o n g e r e x i s t s . W i t h t h e a d d i t i o n

o f t e e t h s c r e e n w a s h e d b y R R R a n d a fi n a l t a l l y o f t e e t h f r o m b o t h t h e W H a n d P P F s i t e s ,

a d d i t i o n a l X Z - t e s t s w e r e e m p l o y e d , a g a i n t e s t i n g t h e n u l l h y p o t h e s i s t h a t t o o t h

p r e s e r v a t i o n i s i n d e p e n d e n t o f t o o t h p o s i t i o n ( b e l o w ) .

A d d e n d u m

A f u r t h e r e x a m i n a t i o n o f t h e A r c h a e o l a m n a k o p i n g e n s i s t e e t h , i n c o n j u n c t i o n w i t h t h e

W H m a t e r i a l s c r e e n w a s h e d b y R R o n s i t e a n d A r c h a e o l a m n a k o p i n g e n s i s t e e t h f r o m

t h e P o w e r P l a n t F e r r y B o n e b e d ( P P F ) ( F i g u r e 7 2 ) , s u g g e s t e d a r e v i s i o n t o t h e i n i t i a l

t a p h o n o m i c c h a r a c t e r i s t i c s c h e m e i n T a b l e 1 0 . A d d i t i o n a l c a t e g o r i e s w e r e c r e a t e d a n d
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s o m e p r e v i o u s c a t e g o r i e s w e r e c o m b i n e d w i t h o t h e r s ( T a b l e s 1 2 3 — b ) . F o r e x a m p l e , o n e

n e w c a t e g o r y i s “ P r i s t i n e ” w h i c h m e a n s t h e t o o t h i s p r i s t i n e i n e v e r y r e s p e c t e x c e p t i n

c o l o r ( i t w i l l b e u n i f o r m b u t n o t n e c e s s a r i l y t h e o r i g i n a l c o l o r o f t h e t o o t h ) . C o n s e q u e n t l y

t h e c a t e g o r y p r e v i o u s l y l i s t e d a s “ P r i s t i n e w i t h p a t c h y c o l o r a t i o n ” i s n o w “ A l m o s t

p r i s t i n e m a y h a v e p a t c h y c o l o r a t i o n . ” T h e n e w c a t e g o r y o f “ P r i s t i n e ” m e a n s t h a t a t o o t h

i s s h a r p t o t h e t o u c h w h i l e t h e n e w “ A l m o s t p r i s t i n e m a y h a v e p a t c h y c o l o r a t i o n ”

c a t e g o r y w i t h s l i g h t l y d u l l e d e d g e s . A n e w c a t e g o r y o f “ C u s p l e t s ” w a s e r e c t e d f o r t h e

W H g r o u p ( T a b l e 1 2 3 ) a n d a c a t e g o r y o f “ P r i s t i n e b u t c u s p o r r o o t o n l y ” f o r t h e P P F

g r o u p ( T a b l e 1 2 b ) , h o w e v e r u p o n s t a t i s t i c a l c o n s u l t ( M a , p e r s o n a l c o m m u n i c a t i o n ) f r o m

t h e C e n t e r f o r S t a t i s t i c a l T r a i n i n g a n d C o n s u l t i n g ( C S T A T ) t h e l a s t t w o c a t e g o r i e s w e r e

n o t u t i l i z e d i n s t a t i s t i c a l t e s t s o f t h e s i t e - b y - s i t e c o m p a r i s o n .

T h e r e v i s e d A r c h a e o l a m n a k o p i n g e n s i s t o t a l f o r W H i s 7 7 t e e t h ( o r p i e c e s o f t e e t h i n t h e

f o r m o f c u s p l e t s ) ( T a b l e 1 2 3 ) a n d t h e P P F h a s a t o t a l o f 4 5 t e e t h ( o r p i e c e s o f t e e t h )

( T a b l e 1 2 b ) . T h e r e a r e n o p r i s t i n e t e e t h f r o m t h e W H , b u t t h e “ A l m o s t p r i s t i n e m a y h a v e

p a t c h y c o l o r a t i o n ” c a t e g o r y h a s t h e m o s t t e e t h ( 3 7 . 7 % o f t h e t o t a l ) f o l l o w e d b y 2 7 . 3 % i n

t h e “ B r o k e n m a y h a v e p a t c h y c o l o r a t i o n ” c a t e g o r y ( T a b l e 1 2 3 ) . T h e r e m a i n i n g 3 5 . 1 %

c o v e r s t h e r e s t o f t h e c a t e g o r i e s t h a t a r e n o t r e p r e s e n t e d i n a l l t o o t h p o s i t i o n s . N e a r l y

5 0 % ( 4 9 . 4 % ) o f t h e t o t a l t e e t h a r e p o s t e r i o r s , f o l l o w e d b y a n t e r i o r s ( 2 8 . 6 % ) , a n d l a s t l y

t h e l a t e r a l s ( 2 2 . 1 % ) ( T a b l e 1 2 3 ) . A s s i g n e d t o o t h p o s i t i o n s a r e t e n t a t i v e , p a r t i c u l a r l y w i t h

t h e a m b i g u o u s t r a n s i t i o n a l t e e t h .
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P r i s t i n e t e e t h f r o m t h e P P F c o m p r i s e 1 7 . 8 % o f t h e t o t a l t e e t h b u t t h e “ B r o k e n m a y h a v e

p a t c h y c o l o r a t i o n ” c a t e g o r y h a s t h e m o s t t e e t h ( 6 0 % o f t h e t o t a l ) w i t h t h e r e m a i n i n g

2 2 . 2 % c o v e r i n g t h e r e m a i n i n g c a t e g o r i e s , w h i c h a g a i n a r e n o t r e p r e s e n t e d i n a l l o f t h e

t o o t h p o s i t i o n s ( T a b l e 1 2 b ) . L a t e r a l t e e t h a r e t h e l a r g e s t c o m p o n e n t o f P P F w i t h 4 4 . 4 %

o f t h e t o t a l t e e t h f o l l o w e d b y t h e a n t e r i o r s ( 4 2 . 2 % ) a n d l a s t l y t h e p o s t e r i o r s ( 1 3 . 3 % ) . A s

t h e r e a p p e a r e d t o b e n o s p e c i a l t r e n d o r d i s t r i b u t i o n o f t e e t h o v e r p o s i t i o n a n d p r e s e r v e d

s t a t e t h e X z - t e s t w a s a g a i n e m p l o y e d i n o r d e r t o d e t e r m i n e i f t h e r e i s a n y s i g n i fi c a n c e i n

t h e d i s t r i b u t i o n o f t e e t h . T h e X z - t e s t i s e m p l o y e d f o r b o t h t h e W H a n d P P F d a t a s e t s t o

t e s t t h e n u l l h y p o t h e s i s t h a t t o o t h p r e s e r v a t i o n i s i n d e p e n d e n t o f t o o t h p o s i t i o n f o r e a c h

s i t e .

X z - t e s t o f P r e l i m i n a r y T a p h o n o m i c C h a r a c t e r i z a t i o n ( O b s e r v e d v e r s u s E x p e c t e d )

F o l l o w i n g t h e s t e p s a b o v e f o r t h e X z - t e s t , t h e e x p e c t e d v a l u e s f o r t h e W H a r e p r e s e n t e d

i n T a b l e 1 3 3 . T h e c a t e g o r y o f “ C u s p l e t s ” w a s o m i t t e d a s t e e t h w e r e o f i n d e t e r m i n a t e

p o s i t i o n s o t h e s a m p l e s i z e w a s a c t u a l l y 6 3 . E x c e l a n d P A S T c a l c u l a t e d t h e X 2 w h e r e p =

0 . 2 2 8 9 3 ( f o r a n t e r i o r ) , 0 . 4 9 8 4 4 ( f o r l a t e r a l ) , a n d 0 . 7 6 1 6 4 ( f o r p o s t e r i o r ) ( f u l l P A S T

r e a d o u t i s a v a i l a b l e i n A p p e n d i x E ) . I t w o u l d a p p e a r t h a t t h e d i s t r i b u t i o n o f t e e t h i s

w i t h i n n o r m a l p a r a m e t e r s a n d t h e n u l l h y p o t h e s i s i s a c c e p t e d . I n t h i s t e s t 1 2 o f t h e 1 9

c e l l s h a v e v a l u e s l e s s t h a n fi v e ( w i t h s i x c e l l s t h a t h a v e z e r o t e e t h ) , s o d e s p i t e t h e

a d d i t i o n o f t h e s c r e e n e d m a t e r i a l , t h e r e a r e s t i l l n o t s u f fi c i e n t d a t a f o r t h i s t e s t .

T h e e x p e c t e d v a l u e s f o r t h e P P F a r e p r e s e n t e d i n T a b l e 1 3 b . E x c e l a n d P A S T c a l c u l a t e d

t h e X 2 w h e r e p = 0 . 7 5 7 0 3 ( f o r a n t e r i o r ) , 0 . 3 9 5 8 5 ( f o r l a t e r a l ) , a n d 0 . 5 5 2 0 7 ( f o r p o s t e r i o r )
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( f u l l P A S T r e a d o u t i s a v a i l a b l e i n A p p e n d i x E ) . T h e d i s t r i b u t i o n o f t e e t h i s w i t h i n

n o r m a l p a r a m e t e r s , s o t h e n u l l h y p o t h e s i s i s a c c e p t e d . I n t h i s t e s t 1 8 o f t h e 2 1 c e l l s h a v e

v a l u e s l e s s t h a n fi v e ( w i t h e i g h t c e l l s t h a t h a v e z e r o t e e t h ) . A s p e r t h e p r e v i o u s t e s t s , t h e

q u a n t i t y o f d a t a f o r P P F i n d i c a t e s t h a t t h e r e a r e i n s u f f i c i e n t d a t a t o m a k e t h i s t e s t

m e a n i n g f u l .

T h e s e X z - t e s t s i m p l y t h a t t h e n u l l h y p o t h e s i s i s a c c e p t e d f o r a l l o f t h e t e s t s , a n d t h a t t o o t h

p r e s e r v a t i o n i s i n d e p e n d e n t o f t o o t h p o s i t i o n a l b e i t u n c o n v i n c i n g l y g i v e n t h e s m a l l

s a m p l e s i z e s . B o t h s i t e s h a v e n o r m a l d i s t r i b u t i o n s o f t e e t h o v e r d i f f e r e n t s t a t e s o f

p r e s e r v a t i o n . T h i s a l s o i m p l i e s t h a t a n y i n i t i a l d i f f e r e n c e s i n o b s e r v a t i o n s m a d e o f t h e

t e e t h f r o m e a c h s i t e i s i n s i g n i fi c a n t . H o w e v e r , H a m m e r a n d H a r p e r ( 2 0 0 6 ) s t a t e t h a t c e l l

v a l u e s l e s s t h a n fi v e w i l l p r o d u c e a n i n a c c u r a t e a n a l y s i s . S i x t y - e i g h t p e r c e n t o f t h e c e l l s

i n t h e W H d a t a s e t a n d ~ 8 9 % o f t h e c e l l s i n t h e P P F d a t a s e t a r e b e l o w t h e m i n i m u m

v a l u e a n d P P F a l s o h a s 3 r e l a t i v e l y s m a l l s a m p l e s i z e o f 4 5 t e e t h , n o t m u c h l a r g e r t h a n

t h e m i n i m u m ( 4 0 ) n e e d e d f o r t h i s t e s t . T o r e m e d y t h i s m o r e m a t e r i a l m u s t b e c o l l e c t e d

t o f u r t h e r r e fi n e t h e c a t e g o r i e s a n d r a i s e o v e r a l l c e l l v a l u e s . H o w e v e r , a s t h e W H s i t e

c e a s e s t o e x i s t t h e d a t a s e t p r e s e n t e d h e r e i s a l l t h a t i s a v a i l a b l e f o r t e s t i n g .

X z - t e s t o f W H v e r s u s P P F

T h e P A S T p r o g r a m i s a b l e t o t e s t t h e c a t e g o r i c a l d a t a i n a s i t e - b y - s i t e c o m p a r i s o n , a s

s u c h , t e s t e d h e r e i s t h e n u l l h y p o t h e s i s t h a t t h e r e i s n o d i f f e r e n c e b e t w e e n t h e W H a n d

P P F s i t e s i n t e r m s o f p r e s e r v a t i o n . T h e r a w d a t a f o r b o t h s i t e s i s r e p e a t e d i n T a b l e s 1 4 a - b

w i t h t h e X Z - t e s t r e s u l t s f r o m P A S T w h e r e p = 1 . 5 4 1 1 E - 0 6 ( f o r t o t a l t e e t h c o m p a r i s o n ) ,
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0 . 0 0 5 9 1 6 9 ( f o r a n t e r i o r ) , 0 . 0 0 2 1 1 5 8 ( f o r l a t e r a l ) , a n d 0 . 0 0 3 6 4 2 7 ( f o r p o s t e r i o r ) ( f u l l

P A S T r e a d o u t i s a v a i l a b l e i n A p p e n d i x F ) . T h i s a n a l y s i s d i d n o t i n c l u d e t h e c a t e g o r i e s o f

“ C u s p l e t s ” a s t h e y a r e n o t s e p a r a t e d o u t b y p o s i t i o n . A d d i t i o n a l l y u p o n c o n s u l t f r o m

C S T A T ( M a , M a , p e r s o n a l c o m m u n i c a t i o n ) , t h e “ C u s p l e t s ” a n d “ P r i s t i n e b u t c u s p o r r o o t

o n l y ” c a t e g o r i e s w e r e n o t u s e d a s t h e y w e r e n o t c a t e g o r i e s i n b o t h s i t e s . T h i s r e d u c e s t h e

t o t a l s a m p l e s i z e t o 6 3 t e e t h f o r W H a n d 4 2 t e e t h f o r P P F . T h e v e r y l o w p v a l u e s i n d i c a t e

t h a t t h e y a r e v e r y s i g n i fi c a n t ( p < 0 . 0 0 5 ) . T h i s c o r r o b o r a t e s i n i t i a l o b s e r v a t i o n s t h a t t h e r e

i s a d i f f e r e n c e i n p r e s e r v a t i o n b e t w e e n t h e W H a n d P P F s i t e s a n d t h a t t h e n u l l h y p o t h e s i s

i s r e j e c t e d . H o w e v e r a s p r e v i o u s l y m e n t i o n e d , S i e g e l ( 1 9 5 6 ) a n d H a m m e r a n d H a r p e r

( 2 0 0 6 ) , s t a t e t h a t c e l l s w i t h v a l u e s o f fi v e o r l e s s m a k e a n a n a l y s i s l e s s a c c u r a t e . O v e r

T a b l e s l 4 a - b , 1 3 o f 3 6 c e l l s w i t h z e r o v a l u e s a n d a n a d d i t i o n a l 1 6 c e l l s w i t h v a l u e s o f

fi v e o r l e s s , l e a v i n g o n l y s e v e n c e l l s w i t h v a l u e s h i g h e r t h a n fi v e . T h a t i s ~ 8 1 % o f t h e

c e l l s t h a t w o u l d b e c o n s i d e r e d “ u n u s a b l e ” a s t h e a d d i t i o n o f s m a l l v a l u e s i n c r e a s e s t h e

r a t e o f e r r o r i n t h e X 2 a n a l y s i s . E v e n u s i n g o n l y t h e t o t a l v a l u e s t h e r e a r e s e v e n o f 1 2

c e l l s w i t h v a l u e s o f fi v e o r l e s s , o r ~ 5 8 % o f t h e c e l l s t h a t a r e “ u n u s a b l e . ” T h i s , c o u p l e d

w i t h t h e s m a l l e r d a t a s e t , m a k e s t h e t e s t s l e s s r e l i a b l e .

B a _ m i g _ s _

T h e b a t o i d t e e t h c o l l e c t e d f o r t h i s s t u d y s h o w l i t t l e v a r i a t i o n i n t h e i r p r e s e r v a t i o n . T h e

t e e t h o f P r o t o p l a t y r h i n a r e n a e w e r e e i t h e r p r i s t i n e ( F i g u r e 4 3 a n d 4 4 ) o r l a c k r o o t s .

T e e t h w i t h o u t r o o t s m a y o c c u r b e c a u s e e l a s m o b r a n c h r o o t s a r e n o t c o v e r e d w i t h a n

e n a m e l l a y e r a s i s t h e c r o w n , m a k i n g t h e m m o r e s u s c e p t i b l e t o w e a r . T h i s d i d n o t

h a m p e r i d e n t i fi c a t i o n a s t h e s e t e e t h r e t a i n e d a l l o t h e r f e a t u r e s ( s m a l l s i z e , s m o o t h a n d
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t h i c k c r o w n t h a t i s h e x a g o n a l t o r h o m b o d i c o r c i r c u l a r t o o v a l i n o c c l u s a l v i e w ) f o r

s y s t e m a t i c d i a g n o s i s . M o r p h o l o g i c a l l y b a t o i d t e e t h a r e v e r y d i f f e r e n t f r o m t h e l a m n o i d

t e e t h . L a m n o i d t e e t h h a v e p r o j e c t i o n s — c u s p s a n d r o o t l o b e s t h a t a r e m o r e s u s c e p t i b l e t o

d a m a g e e i t h e r p r e - s h e d d i n g / p r e - m o r t e m o r p o s t - s h e d d i n g / p o s t m o r t e m . B a t o i d t e e t h a r e

c o m p a c t , m o r e g l o b u l a r , h a v e s h a l l o w r o o t s , a n d l a c k p r o j e c t i n g m o r p h o l o g i c a l f e a t u r e s

t h a t w o u l d b e s u s c e p t i b l e t o d a m a g e .

C h i m a e r i d s

C h i m a e r i d t o o t h p l a t e f r a g m e n t s i n t h i s s t u d y c a n n o t b e i d e n t i fi e d t o a p a r t i c u l a r t a x o n .

A p p r o x i m a t e l y 5 0 % o f t h e c h i m a e r i d p i e c e s c o l l a p s e d w h e n t h e y w e r e h a n d l e d ,

r e fl e c t i n g a n a l t e r e d a n d w e a k e r s t r u c t u r e . T h e c h i m a e r i d t o o t h p l a t e s m a y b e e x t r a

d e l i c a t e a s t h e y a r e s t r u c t u r e d d i f f e r e n t l y f r o m t h e t e e t h o f t h e s h a r k s , s k a t e s , a n d r a y s .

T h e p l a t e s a r e c o m p o s e d o f a m e s h e d s y s t e m o f t r a b e c u l a r d e n t i n e t h a t c o n t a i n s

i n t e r s p e r s e d o d o n t o b l a s t b a l l c h a i n s a n d v a s c u l a r c h a n n e l s , a n d i t m a y b e t h a t t h i s m e s h e d

s y s t e m i s n o t a s s t r u c t u r a l l y s o u n d a s t h e “ n o r m a l ” s t r u c t u r e o f s h a r k t e e t h ( P e y e r , 1 9 6 8 ) .

B e c a u s e o f t h e p o o r p r e s e r v a t i o n o f t h e c h i m a e r i d t o o t h p l a t e s , t h i s m a k e s t h e m l e s s

c o n d u c i v e f o r f u r t h e r s t u d y w i t h o u t c o m p l e t e d e s t r u c t i o n o f t h e m a t e r i a l a n d t h e r e f o r e

t h e y d o n o t fi g u r e i n t h e t a p h o n o m i c d i s c u s s i o n .

C a r t i l a m o u s e l e m e n t s

A l s o n o t fi g u r i n g i n t h e t a p h o n o m i c d i s c u s s i o n a r e c a r t i l a g i n o u s e l e m e n t s s u c h a s c e n t r a

a n d p r i s m a t i c c a r t i l a g e t h a t w e r e a l s o r e c o v e r e d f r o m t h e m a t r i x . C a r t i l a g e d o e s n o t
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p r e s e r v e r e a d i l y i n t h e f o s s i l r e c o r d a s i t “ . . . h a s a l o w e r s t r u c t u r a l d e n s i t y t h a n b o n e ”

( L y m a n , 1 9 9 4 : 7 9 ) u n l e s s i t i s c a l c i fi e d ( W e l t o n a n d F a r i s h , 1 9 9 3 ) .

E x p e r i m e n t a l t o o t h t a p h o n o m y

P r e v i o u s e r k

A r g a s t e t a l .

A r g a s t e t a l . ( 1 9 8 7 ) e x p e r i m e n t e d o n a l i m i t e d s a m p l e s i z e ( 5 f o s s i l r e p t i l i a n t e e t h

c o n s i s t i n g o f f o u r t y r a n n o s a u r i d s a n d o n e c r o c o d i l i a n ) t o d e t e r m i n e t h e e f f e c t s o f

t r a n s p o r t o n t o o t h m o r p h o l o g y . U t i l i z i n g a s i m p l e t u m b l e r i n a l a b o r a t o r y s e t t i n g , A r g a s t

e t a l . ( 1 9 8 7 ) s h o w e d t h a t t h e t e e t h , a f t e r b e i n g t u m b l e d f o r 3 d i s t a n c e e q u i v a l e n t t o 3 6 0 —

3 8 0 k i l o m e t e r s , b a s e d o n t h e b a r r e l d i m e n s i o n s , r p m , a n d d u r a t i o n o f t h e e x p e r i m e n t ,

d i s p l a y e d s o l i t t l e c h a n g e t h a t , h a d t h e y n o t b e e n i n v e s t i g a t e d p r i o r t o t u m b l i n g , t h e

d i f f e r e n c e s w o u l d n o t h a v e b e e n n o t i c e d . S o m e i n i t i a l b r e a k i n g o f t h e r o o t s o c c u r r e d , b u t

t h e r e w a s n o r o u n d i n g o f t h e r o o t s , c u s p s , o r t h e b r o k e n p o r t i o n s o f t h e r o o t s . O v e r a l l

t o o t h s h a p e w a s r e t a i n e d , a n d s u r f a c e s w e r e s m o o t h e d a n d p o l i s h e d w i t h s o m e t r a n s p o r t -

i n d u c e d s c r a t c h e s o n o n e t o o t h . S e r r a t i o n s p r e s e n t o n t y r a n n o s a u r i d t e e t h a l s o r e t a i n e d

t h e i r s h a p e . A r g a s t e t a l . ( 1 9 8 7 ) c o n c l u d e d t h a t i t w a s n o t p o s s i b l e t o d e t e c t l i m i t e d

e f f e c t s o f t r a n s p o r t o n r e p t i l i a n t e e t h , a n d t h e r e f o r e d i f f e r e n t i a t i n g r e w o r k e d r e p t i l i a n

t e e t h f r o m n o n - r e w o r k e d m a t e r i a l w a s n o t f e a s i b l e .

E l y a n d R i g b y a n d E l y

A s a r e s p o n s e t o t h e l i m i t e d s c o p e o f t h e A r g a s t e t a l . ( 1 9 8 7 ) s t u d y , E l y a n d R i g b y ( 1 9 8 9 )

a n d E l y ( 1 9 9 5 ) r a n s i m i l a r e x p e r i m e n t s i n a r a c e - t r a c k fl u m e u s i n g m o d e r n a r c h o s a u r
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( a l l i g a t o r a n d c r o c o d i l e ) t e e t h . W i t h a s a m p l e s i z e o f t e n t e e t h E l y a n d R i g b y ( 1 9 8 9 )

d e t e r m i n e d t h a t t r a n s p o r t i n d u c e d a b r a s i o n o n t h e i r s p e c i m e n s w a s i n d e e d p r o d u c e d . E l y

( 1 9 9 5 ) s h o w e d a b r a s i o n f e a t u r e s a f t e r o n l y 2 h o u r s o f t r a n s p o r t ( u n k n o w n s a m p l e s i z e ) ,

a n d d e t e r m i n e d t h a t i f t e e t h w e r e t o b e p r e s e r v e d i n a n u n m o d i fi e d c o n d i t i o n , t h e t e e t h

w o u l d h a v e t o b e b u r i e d r a p i d l y w i t h l i t t l e t o n o t r a n s p o r t a n d l i t t l e t o n o r e w o r k i n g .

T h e i r fi n d i n g s i m p l i e d t h a t c o n c l u s i o n s a r r i v e d a t b y A r g a s t e t 3 1 . w e r e p r e m a t u r e . I i '

l r m i s a n d E l l i o t t

 A n o t h e r s t u d y ( l r m i s a n d E l l i o t t , 2 0 0 6 ) u t i l i z e d a t o t a l o f 9 m o d e r n s h a r k t e e t h i n 3

I
1 ‘1

r e c i p r o c a l s h a k e r w i t h s a l t w a t e r a n d s e d i m e n t ( a n a l o g o u s t o t h e e n v i r o n m e n t t h e y w e r e

t r y i n g t o s i m u l a t e ) t o s i m u l a t e w a v e a c t i o n o f a n e a r s h o r e e n v i r o n m e n t . T h e p r o j e c t w a s

r u n f o r 1 0 0 0 h o u r s a n d t h e i r r e s u l t s s h o w e d p r o g r e s s i v e d e g r a d a t i o n o f s p e c i m e n s w i t h

t i m e . T h e s e a u t h o r s l o o k e d a t c h a n g e i n m a s s a n d t h e p h y s i c a l c h a n g e s o f t h e t i p o f t h e

c u s p , t h e t i p s o f t h e r o o t l o b e s , a n d t h e a r e a o f t h e l i n g u a l g r o o v e .

P r e s e n t s t u d y

E x p e r i m e n t a l t a p h o n o m y o f s h a r k t e e t h

T h e p r e s e n t s t u d y u s e s a l a r g e r s a m p l e s i z e o f t e e t h , a g r e a t e r f r e q u e n c y o f  
m e a s u r e m e n t s , m e a s u r e m e n t s o f s e v e r a l d i m e n s i o n s , a n d m u l t i p l e m e a s u r e m e n t s

( r e p l i c a t e s ) o f e a c h d i m e n s i o n o v e r p r e v i o u s s t u d i e s . T h i s s t u d y o f f e r s m o r e s t a t i s t i c a l l y

r o b u s t r e s u l t s t o q u a n t i f y t o o t h m o d i fi c a t i o n t h r o u g h a b r a s i o n d u e t o t r a n s p o r t . T h e

e x p e r i m e n t w i l l t e s t t h e n u l l h y p o t h e s i s t h a t t h e r e i s n o c h a n g e i n p r e s e r v a t i o n w i t h t i m e
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i n a d y n a m i c e n v i r o n m e n t . W h i l e i t i s o b v i o u s t h a t t h e r e w i l l b e c h a n g e , t h i s i s t e s t e d t o

d e m o n s t r a t e a s s u c h b o t h q u a l i t a t i v e l y a n d q u a n t i t a t i v e l y .

M e t h o d s

I n s t e a d o f u s i n g t h e f o s s i l s f r o m t h e W H a n d l o s i n g t h e f a u n a l d a t a o r r e d u c i n g t h e

s a m p l e s i z e o f t h e f a u n a , m o d e r n s h a r k a n d r a y t e e t h w e r e o b t a i n e d f o r t h e e x p e r i m e n t s .

M o d e r n t e e t h w e r e a l s o u s e d b e c a u s e t h e f o s s i l m a t e r i a l i n v a r i a b l y u n d e r g o e s s o m e

f o s s i l i z a t i o n p r o c e s s ( d i a g e n e s i s , p e r m i n e r a l i z a t i o n , e t c . ) , r e s u l t i n g i n c h a n g e s t h a t c o u l d

p o s s i b l y r e n d e r t h e c u r r e n t e x p e r i m e n t m o o t . U n a l t e r e d m o d e r n t e e t h w e r e a c q u i r e d

f r o m a n a q u a r i u m ( M a r i t i m e A q u a r i u m i n N o r w a l k , C T ) .

I n i t i a l l y u n a l t e r e d s h a r k j a w s w e r e a c q u i r e d f r o m S h a r k k i n g . c o m b a s e d i n T i t u s v i l l e , F L .

T h e y w e r e s u b m e r g e d i n a s a l t w a t e r t a n k h o u s i n g s h r i m p ( c o u r t e s y o f S h r i m p F a r m

M a r k e t i n O k e m o s , M 1 ) t o s o f t e n t h e c a r t i l a g e a n d l o o s e n t h e t e e t h . T e e t h w e r e r e l e a s e d

o n c e t h e c a r t i l a g e o f t h e j a w s w a s s o f t e n e d , a n d t h e c a r t i l a g e w a s t h e n s u b s e q u e n t l y e a t e n

b y t h e s h r i m p ( F i g u r e 7 3 ) . T h e t e e t h p r o d u c e d w e r e d e e m e d u n s u i t a b l e , a s t h e y w e r e

m o s t l y n o t f u l l y f o r m e d t e e t h d i s p l a y i n g t h e m o r p h o l o g i c a l c h a r a c t e r i s t i c s t h a t w o u l d b e

n e e d e d t o t r a c k t h r o u g h o u t t h e e x p e r i m e n t .

O n c e u n a l t e r e d m o d e r n C a r c h a r i a s t a u r u s ( s h a r k ) a n d R h i n o p t e r a b o n a s u s ( r a y ) t e e t h

w e r e a c q u i r e d , a n a p p a r a t u s w a s d e v i s e d t o t u m b l e t h e t e e t h i n s u c h a m a n n e r a s t o b e

a b l e t o t r a c k e v e r y t o o t h . T h e s y s t e m c o n s i s t e d o f E d u S c i e n c e l a p i d a r y t u m b l e r s . E a c h

t u m b l e r w a s fi l l e d w i t h a m i x t u r e o f s a l t w a t e r ( u t i l i z i n g R . 0 . w a t e r a n d R e d S e a S a l t , 3
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c o m m e r c i a l l y a v a i l a b l e s a l t f o r h o m e a q u a r i u m s h o u s i n g t r o p i c a l fi s h a n d i n v e r t e b r a t e s )

a n d s a n d f r o m t h e W H ( w h i c h i s v e r y w e l l - s o r t e d , m o d e r a t e l y r o u n d e d , m e d i u m t o fi n e -

g r a i n e d , y e l l o w - t a n s h o r e f a c e q u a r t z s a n d s t o n e [ R o g e r s a n d K i d w e l l , 2 0 0 0 ] w i t h t r a c e s o f

f e l d s p a r a n d e v e n s m a l l e r a m o u n t s o f p y r o x e n e / a m p h i b o l e ) . F o u r t e e t h w e r e p l a c e d i n t o

e a c h o f t h e e i g h t t u m b l e r s ( l a b e l l e d A t h r u H ) , t h r e e C . t a u r u s a n d o n e R . b o n a s u s ( t e e t h

w e r e i n i t i a l l y a s s i g n e d a n a l p h a n u m e r i c i d e n t i fi c a t i o n n u m b e r d e p e n d e n t o n t h e b a r r e l

h o u s i n g , e x a m p l e : t o o t h 1 i n b a r r e l A i s n a m e d A 1 , t o r e t a i n i d e n t i t y t h r o u g h o u t t h e

e x p e r i m e n t ( F i g u r e 7 4 ) . T h e t e e t h w e r e l a t e r g i v e n c a t a l o g u e n u m b e r s ( S M M

P 2 0 0 6 : 1 5 : 1 2 1 - S M M P 2 0 0 6 : 1 5 : 8 : 4 H 4 ) f o r e v e n t u a l h o u s i n g a t t h e S M M . T h e q u a n t i t y

o f t e e t h p e r t u m b l e r w a s c h o s e n t o i n c r e a s e t h e a b i l i t y t o t r a c k e a c h t o o t h a s i t c h a n g e d

d u r i n g t h e c o u r s e o f t h e e x p e r i m e n t . P r e l i m i n a r y e x p e r i m e n t s i n 2 0 0 5 p r o v e d t h a t s u c h a

s e t u p w a s n e e d e d . T h e p r e l i m i n a r y t r i a l i n 2 0 0 4 - 2 0 0 5 c o n s i s t e d o f o n e l a p i d a r y t u m b l e r

w i t h 2 5 C . t a u r u s t e e t h t h a t w e r e m a r k e d , o n l y t o l o s e a l l f o r m o f i d e n t i fi c a t i o n a f t e r 2 0 0

h o u r s o f t u m b l i n g . T h e a b r a s i v e n a t u r e o f t h e e x p e r i m e n t w o u l d c a u s e a n y f o r m o f m a r k

o n t h e t e e t h t o b e e r a s e d . S e l e c t i o n o f t h e t e e t h p l a c e d i n t o e a c h t u m b l e r w a s p r i m a r i l y

b a s e d o n t h e o v e r a l l m o r p h o l o g y a n d c o m p l e t e n e s s o f e a c h t o o t h , m a k i n g e a c h t o o t h

r e c o g n i z a b l e f r o m t h e o t h e r s a f t e r e a c h t u m b l i n g i n t e r v a l . A s s t a t e d a b o v e , t h i s w a s

n e c e s s a r y b e c a u s e a t o o t h c o u l d n o t b e l a b e l l e d i n a n y m a n n e r a n d r e t a i n t h a t l a b e l

t h r o u g h t h e d u r a t i o n o f t h e e x p e r i m e n t . T h e t o t a l s a m p l e s i z e u s e d h e r e w a s 2 4 C . t a u r u s

t e e t h a n d 8 R . b o n a s u s t e e t h .

T h e t e e t h w e r e t u m b l e d i n t h e s a n d a n d w a t e r m i x t u r e f o r a t o t a l o f 1 0 0 0 h o u r s ,

a p p r o x i m a t e l y e q u i v a l e n t t o a l i n e a r d i s t a n c e o f 8 8 0 k i l o m e t e r s b a s e d o n t h e b a r r e l
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d i m e n s i o n s , r p m , a n d d u r a t i o n o f t h e e x p e r i m e n t , d u r i n g t h e s u m m e r o f 2 0 0 6 .

R e v o l u t i o n s p e r m i n u t e ( r p m ) f o r e a c h t u m b l e r w e r e m o n i t o r e d m u l t i p l e t i m e s a d a y

( t o t a l o f 7 8 t i m e s ) a s t h e y v a r i e d t h r o u g h o u t t h e r u n o f t h e e x p e r i m e n t . A t 5 0 h o u r

i n t e r v a l s t h e t e e t h w e r e m e a s u r e d ( h e i g h t a n d w i d t h i n m i l l i m e t e r s w i t h M i t u t o y o

D i g i m a t i c C a l i p e r s [ 5 0 0 - 3 5 1 ] a n d m a s s i n g r a m s w i t h a M e t t l e r C o l l e g e 2 4 4 D e l t a R a n g e

B a l a n c e ) a n d p h o t o g r a p h e d , b o t h l a b i a l a n d l i n g u a l s i d e s ( w i t h a n 8 . 0 m e g a p i x e l 8 x z o o m

N i k o n C o o l p i x 8 7 0 0 d i g i t a l c a m e r a ; p h o t o s o f t h e t u m b l e r s w e r e t a k e n w i t h a n O l y m p u s

C a m e d i a C - 3 0 0 0 Z o o m D i g i t a l C a m e r a ) t o m o n i t o r a n y c h a n g e s b e t w e e n r u n s . I m a g e s

o f t h e t e e t h w e r e p l a c e d ( u s i n g P h o t o S h o p ) o n a u n i f o r m b l a c k b a c k g r o u n d a n d a l l

n u m e r i c a l a n d q u a l i t a t i v e d a t a w e r e s a v e d i n E x c e l a n d l a t e r m a n i p u l a t e d f o r s t a t i s t i c a l

t e s t s .

R a w — I E

Q u a l i t a t i v e r e s u l t s

V i s u a l c h a n g e s i n t h e t e e t h w e r e n o t i c e a b l e . T e e t h f r o m b o t h C a r c h a r i a s t a u r u s a n d

R h i n o p t e r a b o n a s u s s t a r t e d o u t w h i t e i n c o l o r . A f t e r t h e fi r s t 5 0 h o u r s o f t u m b l i n g t h e y

s h o w e d a c o l o r c h a n g e i n t h e r o o t , f r o m w h i t e t o a y e l l o w / t a n c o l o r ( F i g u r e s 7 5 - 7 8 ) . T h e

c u s p r e t a i n e d t h e w h i t e c o l o r f o r t h e d u r a t i o n o f t h e e x p e r i m e n t h o w e v e r , e a r l y o n s o m e

o f t h e t e e t h d e v e l o p e d a g r a y u n d e r t o n e . S o m e o f t h e t e e t h s h o w e d a d r a m a t i c c h a n g e

a f t e r t h e fi r s t 5 0 h o u r s o f t u m b l i n g . T o o t h A 2 ( C . T a u r u s ) l o s t 2 . 0 0 m i l l i m e t e r s i n h e i g h t

a f t e r 5 0 h o u r s o f t u m b l i n g , w h e r e a s s o m e t e e t h s h o w e d v e r y l i t t l e c h a n g e . S o m e t e e t h

s h o w e d a n i m p r e s s i v e c h a n g e i n s h a r p n e s s , g o i n g f r o m v e r y s h a r p t o q u i t e d u l l , w h e r e

o t h e r t e e t h r e t a i n e d v i r t u a l l y t h e s a m e s h a r p n e s s a t 5 0 0 h o u r s . S o f a r n o q u a n t i t a t i v e
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m e t h o d h a s b e e n d e v i s e d f o r m e a s u r i n g s h a r p n e s s t h o u g h t h e r e a r e m e t h o d s f o r m a m m a l

t e e t h ( L u c a s , 2 0 0 4 ) a n d t o o l s ( r a z o r s , k n i v e s , e t c . ) . C u r r e n t l y t h e c h a n g e i n s h a r p n e s s i s

b a s e d o n t a c t i l e d i f f e r e n c e s u n t i l s u c h a s c a l e c a n b e d e t e r m i n e d . F i g u r e s 7 5 - 7 8 s h o w a

s e r i e s o f o n e t o o t h ( A 2 ) o f C a r c h a r i a s t a u r u s , f r o m t i m e 0 h o u r s t o t i m e 1 0 5 0 h o u r s i n

l i n g u a l v i e w . F o r a l l t o o t h s e r i e s s e e A p p e n d i x G .

Q u a n t i t a t i v e r e s u l t s

C a r c h a r i a s t a u r u s

S a m p l e d a t a f o r h e i g h t l o s s o f t o o t h A 2 i s i n T a b l e 1 5 ( a l l d a t a f o r h e i g h t , w i d t h , a n d

m a s s l o s s f o r a l l t e e t h i n t h e e x p e r i m e n t a r e i n A p p e n d i x H ) . R a t e s o f l o s s w e r e

m e a s u r e d i n m m / h r f o r h e i g h t a n d w i d t h a n d g / h r f o r t h e m a s s . T h e a p p r o x i m a t e r a t e s o f

l o s s a r e ( l i n e a r r e g r e s s i o n ) , h e i g h t : 0 . 0 0 2 5 m m / h r , w i d t h : 0 . 0 0 2 6 m m / h r , a n d m a s s : 4 e — 5

g / h r ( T a b l e 1 6 3 ) , w h e r e o n e h o u r o f t r a v e l i s a p p r o x i m a t e d t o b e 0 . 8 7 9 k m . M e a n v a l u e s

o f m e a s u r e m e n t s ( h e i g h t , w i d t h , a n d m a s s ) f o r a l l t e e t h ( n = 2 4 [ s h a r k ] ) w e r e t a k e n a t 5 0

h o u r i n t e r v a l s t h r o u g h o u t t h e e n t i r e 1 0 0 0 h o u r l e n g t h o f t h e e x p e r i m e n t a n d v a r i e d

s i g n i fi c a n t l y ( m i n i m u m p = 0 . 0 0 0 5 ) . T a b l e 1 6 b p r e s e n t s t h e e x p o n e n t i a l “ r a t e o f c h a n g e ”

f o r t h e t e e t h .

R h i n o p t e r a b o n a s u s

T h e a p p r o x i m a t e r a t e s o f l o s s a r e h e i g h t ( l i n e a r r e g r e s s i o n ) : 0 . 0 0 0 2 m m / h r , w i d t h : 0 . 0 0 0 2

m m / h r , a n d m a s s : 7 e " 6 g / h r ( T a b l e 1 6 3 ) . M e a n v a l u e s o f m e a s u r e m e n t s ( h e i g h t , w i d t h ,

a n d m a s s ) f o r a l l t e e t h ( n = 8 [ r a y ] ) w e r e t a k e n a t 5 0 h o u r i n t e r v a l s t h r o u g h o u t t h e e n t i r e
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1 0 0 0 h o u r l e n g t h o f t h e e x p e r i m e n t a n d v a r i e d s i g n i fi c a n t l y ( m i n i m u m p = 0 . 0 0 0 5 ) .

T a b l e 1 6 b p r e s e n t s t h e e x p o n e n t i a l “ r a t e o f c h a n g e ” f o r t h e t e e t h .

S i g n i fi c a n c e c o r r e l a t i o n a n d S t u d e n t ’ s t - t e s t s

C h a n g e s w e r e m e a s u r e d s t a t i s t i c a l l y w i t h t h e P e a r s o n p r o d u c t - M o m e n t C o r r e l a t i o n a n d

S t u d e n t ’ s t - t e s t . R e g r e s s i o n a n a l y s i s ( u s i n g M i c r o s o f t E x c e l ) p r o d u c e d 3 b e s t fi t l i n e

t h r o u g h t h e d a t a . L i n e a r r e g r e s s i o n a n d r e g r e s s i o n e x p o n e n t i a l c u r v e s w e r e b o t h c a r r i e d

o u t . T h e c o r r e l a t i o n c o e f fi c i e n t ( r ) m e a s u r e s t h e g o o d n e s s o f fi t o f t h e p o i n t s t o t h e l i n e

6 ‘ I ,

1 ‘( e . g . F i g u r e s 7 9 a n d 8 0 ) . T h e s i g n i fi c a n c e o f i s t h e n f o u n d i n a p r o b a b i l i t y t a b l e w i t h

t h e k n o w n d e g r e e s o f f r e e d o m f r o m t h e e x p e r i m e n t a n d t h e i n t e r s e c t i o n o f t h o s e t w o

v a r i a b l e s o n t h e t a b l e d e t e r m i n e s t h e l e v e l o f s i g n i fi c a n c e f o r t h e d a t a ( F i s h e r , 1 9 5 4 : 2 0 9 ) .

L i n e a r a n d e x p o n e n t i a l e q u a t i o n s o f b e s t fi t l i n e s w e r e c a l c u l a t e d t h r o u g h E x c e l f o r a l l o f

t h e t e e t h o v e r t i m e . T h e s a m p l e s i n T a b l e s 1 7 a n d 1 8 p r o v i d e t h e l i n e e q u a t i o n , s l o p e o f

t h e l i n e o r t h e p o w e r f u n c t i o n f o r t h e e x p o n e n t i a l r e g r e s s i o n ( r a t e o f c h a n g e ) , t h e r z - v a l u e ,

t h e r - v a l u e , a n d d e g r e e s o f f r e e d o m ( a l l d a t a i n A p p e n d i x I ) . I n d i v i d u a l l y a n d a s a w h o l e

( p o p u l a t i o n ) t e e t h o f C . t a u r u s h a d a 9 9 % ( b o t h l i n e a r a n d e x p o n e n t i a l ) s i g n i fi c a n c e

c o r r e l a t i o n f o r h e i g h t , w i d t h , a n d m a s s w h e r e a s R . b o n a s u s h a d a s i g n i fi c a n c e c o r r e l a t i o n

o f 9 8 % f o r h e i g h t ( a s a p o p u l a t i o n ) a n d a n y w h e r e f r o m 9 0 % - 9 9 % f o r i n d i v i d u a l t e e t h

( l i n e a r , 9 9 % f o r e x p o n e n t i a l ) , 9 8 % ( l i n e a r , 9 9 % e x p o n e n t i a l ) a s a w h o l e p o p u l a t i o n f o r

w i d t h ( a n d a n y w h e r e f r o m 9 0 % - 9 9 % f o r i n d i v i d u a l t e e t h l i n e a r , 9 9 % e x p o n e n t i a l ) , a n d

9 9 % f o r t h e w h o l e p o p u l a t i o n f o r m a s s ( l i n e a r a n d e x p o n e n t i a l ) , w i t h o n e t o o t h a t 9 5 %

a n d o n e t o o t h n o t s i g n i fi c a n t a t a n y l e v e l ( l i n e a r , a n d a l l b u t o n e t o o t h 9 9 % e x p o n e n t i a l )

( T a b l e s 1 9 3 - b ; a l l d a t a i n A p p e n d i x I i s t h e s a m e f o r m a t a s T a b l e s 1 7 a n d 1 8 ) .
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T h e S t u d e n t ’ s t - t e s t s c a n b e u s e d t o a s s e s s t h e s i g n i fi c a n c e b e t w e e n p o p u l a t i o n s , o r t h e

“ b e f o r e ” a n d “ a f t e r ” a f f e c t o f a t r e a t m e n t , w h e r e “ b e f o r e ” a n d “ a fi e r ” a r e t h e p o p u l a t i o n s

a n d t h e h y p o t h e s i s i s t h a t t h e r e i s n o s i g n i fi c a n t d i f f e r e n c e i n t h e “ b e f o r e ” a n d “ a fi e r ”

p o p u l a t i o n s . S a m p l e S t u d e n t ’ s t - t e s t r e s u l t s f o r t h e c h a n g e i n h e i g h t o r h e i g h t l o s s f o r C .

t a u r u s i n T a b l e 2 0 s h o w t h a t w e r e a l l a t p = 0 . 0 0 0 5 ( f o r a l l v a r i a b l e s , h e i g h t , w i d t h , a n d

m a s s ) b u t t h e r e s u l t s w e r e m o r e v a r i a b l e f o r R . b o n s a u s , r a n g i n g p = 0 . 0 1 - 0 . 0 0 1 ( T a b l e

2 1 ) . R e s u l t s f o r t h e r a y t e e t h w e r e f a r m o r e e r r a t i c t h a n t h e y w e r e f o r t h e s h a r k t e e t h ( s e e

A p p e n d i x I f o r g r a p h s ) . F o r a l l t h e S t u d e n t ’ s t - t e s t d a t a s e e A p p e n d i x J . T h e r e s u l t s f o r

c o r r e l a t i o n a n d t h e S t u d e n t ’ s t - t e s t w o u l d i m p l y t h a t t h e n u l l h y p o t h e s i s , t h e r e i s n o

c h a n g e i n p r e s e r v a t i o n w i t h t i m e i n a d y n a m i c e n v i r o n m e n t , s h o u l d b e r e j e c t e d .

I n t e r p r e t a t i o n s

C h a n g e s i n t o o t h a p p e a r a n c e d e m o n s t r a t e q u a l i t a t i v e l y t h a t p h y s i c a l a b r a s i o n d o e s i n d e e d

a l t e r t h e t e e t h ( F i g u r e s 7 5 - 7 8 ) . I t w a s a l s o d e m o n s t r a t e d s t a t i s t i c a l l y , b y m e a n s o f

s i g n i fi c a n c e c o r r e l a t i o n a n d S t u d e n t ’ s t — t e s t s t h a t p u t t i n g s h a r k a n d r a y t e e t h i n a

s i m u l a t e d d y n a m i c e n v i r o n m e n t , t h e s i m u l a t i o n w i l l a l t e r t h e m g r e a t l y . T h e s h a r k t e e t h

s h o w e d e x c e p t i o n a l l y c o n s i s t e n t r e s u l t s t h r o u g h o u t t h e r u n o f t h e e x p e r i m e n t . T h e r a y

t e e t h h o w e v e r s h o w e d g r e a t e r v a r i a b i l i t y . O n e r e a s o n f o r t h i s i s s a n d f r o m t h e t u m b l i n g

m i x t u r e l o d g i n g i n t h e c o m b - l i k e r o o t o f t h e t e e t h , a l t e r i n g t h e m a s s a n d i n t r o d u c i n g a

s o u r c e o f v a r i a t i o n . A d d i t i o n a l l y , c o n s i s t e n c y w a s d i f fi c u l t t o m a i n t a i n w i t h l i n e a r

m e a s u r e m e n t s f o r t h e r a y t e e t h . I t s h o u l d a l s o b e n o t e d t h a t t h e r e a r e n o r e a l p r o j e c t i o n s

t o b e w o r n d o w n o n t h e r a y t e e t h . T h e y a r e c o m p a c t s t r u c t u r e s a n d v e r y d i f f e r e n t f r o m
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t h e s h a r k t e e t h t h a t h a v e c u s p s , c u s p l e t s , a n d r o o t l o b e s v u l n e r a b l e t o b r e a k i n g . D u e t o

t h e s c a l e o f t h e t e e t h a n d i n s t r u m e n t a t i o n u s e d i t i s n o t p o s s i b l e t o r e p o r t h o w m u c h t h e

“ t e e t h ” o f t h e c o m b w e r e w o r n d o w n . O v e r a l l t h e r a y t e e t h s h o w e d l e s s c h a n g e r e l a t i v e

t o t h e s h a r k t e e t h .

A p p l i c a t i o n o f t a p h o n o m y e x p e r i m e n t s t o t h e J R F f a u n a

T h i s a n a l y s i s c a n a l s o a p p l y t o d i f f e r e n c e s b e t w e e n t h e W H a n d P P F b o n e b e d s w i t h i n t h e

J R F . G i v e n t h e i r c l o s e p r o x i m i t y ( a p p r o x i m a t e l y 3 k i l o m e t e r s ) a n d t h a t t h e y r e p r e s e n t

t h e s a m e s h o r e f a c e d e p o s i t s a n d s t r a t i g r a p h i c h o r i z o n , w i t h n e a r l y i d e n t i c a l f a u n a l

d i v e r s i t y , i t w a s r a t h e r s u r p r i s i n g t o s e e a d i f f e r e n c e i n t h e o v e r a l l p r e s e r v a t i o n b e t w e e n

t h e t w o s i t e s . D i f f e r e n t i a l a b u n d a n c e s a n d p r e s e r v a t i o n w o u l d a p p e a r t o s u g g e s t t h a t

o t h e r , a s y e t u n r e c o g n i z e d , f a c t o r s d i f f e r e n t i a l l y i m p a c t e d t h e t w o s i t e s .

T h e W H h a s 1 8 t a x a a n d P P F 1 6 t a x a ( T a b l e 9 ) w i t h v e r y s i m i l a r f a u n a l c o m p o s i t i o n s .

H o w e v e r , t h e W H h a s a g r e a t e r a b u n d a n c e o f m a t e r i a l a n d a w i d e r a r r a y o f p r e s e r v a t i o n

( f r o m 2 1 k i l o g r a m s o f m a t r i x ) , w h e r e a s t h e P P F s h o w s l e s s a b u n d a n c e ( f r o m 4 5

k i l o g r a m s o f m a t r i x ) w i t h m o r e u n i f o r m p r e s e r v a t i o n ( F i g u r e s 7 1 a n d 7 2 a n d T a b l e s 2 2

a n d 2 3 ) . T h i s s u g g e s t s l o c a l i z e d a r e a s o f v a r i a b l e e n e r g y , w i t h t h e W H s i t e r e p r e s e n t i n g

a h i g h e r e n e r g y e n v i r o n m e n t b r i n g i n g i n a d d i t i o n a l m a t e r i a l ( e . g . c h i m a e r i d s ) f r o m

f a r t h e r o f f s h o r e a n d m i x i n g i t w i t h l o c a l m a t e r i a l , a n d a b r a d i n g t h e s p e c i m e n s t o a h i g h e r

d e g r e e t h a n t h o s e p r e s e r v e d a t P P F , w h e r e t h e m a t e r i a l r e fl e c t s a m o r e a u t o c h t h o n o u s

o r i g i n . F i g u r e s 7 1 a n d 7 2 s h o w t h e r a n g e o f p r e s e r v a t i o n b e t w e e n t h e b o n e b e d s . A

q u a l i t a t i v e l i s t i n g o f t h e r a n g e o f p r e s e r v a t i o n b e t w e e n b o n e b e d s ( T a b l e 2 2 ) s h o w s t h a t
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W H h a s a b r o a d e r r a n g e o f p r e s e r v a t i o n t h a n P F F . O r i g i n a l “ P r i s t i n e ” W H t e e t h h a v e

s o m e d e g r e e o f r o u n d i n g o f t h e c u s p s , c u t t i n g e d g e s , a n d / o r r o o t , o t h e r w i s e s u r fi c i a l

d e t a i l s o n t h e w h o l e , p r e s e r v e d . T h e t e e t h m a y b e b r o k e n t h r o u g h t h e r o o t , o r a l l

i d e n t i fi c a t i o n o f a t o o t h i s l o s t w h e n a l l t h a t r e m a i n s a r e t i p s , b r o k e n c u s p s , b r o k e n r o o t s ,

a n d f r a g m e n t a r y c h i m a e r i d p l a t e s . “ P r i s t i n e ” P P F t e e t h t u r n e d o u t t o b e v e r y p r i s t i n e ,

t h e n t e e t h w i t h s o m e b r e a k a g e , a n d t h e n l i t t l e e l s e l e f t f o r i d e n t i fi c a t i o n . T a b l e 2 3 l i s t s

t h e f a u n a a n d q u a n t i t y o f e l e m e n t s o f e a c h t a x o n f o u n d i n e a c h b o n e b e d . P P F h a s f a r l e s s

m a t e r i a l o v e r a l l w i t h a p p r o x i m a t e l y 6 4 % o f t h e W H t o t a l . P r o t o p l a t y r h i n a r e n a e i s b y

f a r t h e m o s t a b u n d a n t f o s s i l ( t e e t h a n d d e r m a l d e n t i c l e s ) f o u n d i n b o t h b o n e b e d s ,

a c c o u n t i n g f o r ~ 6 6 % o f t h e m a t e r i a l f o r W H a n d ~ 8 0 . 1 % o f t h e m a t e r i a l f o r P P F .

H o w e v e r t h e a b u n d a n c e s o f e a c h t a x o n d i f f e r s a f t e r t h a t ( T a b l e 2 4 ) . A l s o l i s t e d i n T a b l e

2 3 , i s t h e m a t e r i a l s c r e e n w a s h e d i n t h e fi e l d b y R R R , i l l u s t r a t i n g t h a t s c r e e n w a s h i n g o n

s i t e p r o d u c e s f a r l e s s m a t e r i a l t h a n b u l k s a m p l i n g a n d d r y s i e v i n g i n a l a b o r a t o r y . S c r e e n

w a s h i n g o f W H m a t r i x p r o d u c e d 1 0 . 5 % o f t h e m a t e r i a l t h a n w a s p r o d u c e d f r o m W H

t h r o u g h d r y s i e v i n g , c l e a r l y d e m o n s t r a t i n g t h a t s c r e e n w a s h i n g o n s i t e c r e a t e s 3 g r e a t l o s s

o f m a t e r i a l a n d i n f o r m a t i o n .

T a p h o n o m i c s c a l e

T h e i n i t i a l t a p h o n o m i c s c a l e ( T a b l e 1 0 ) f o r s h a r k t e e t h b a s e d o n t h e A r c h a e o l a m n a

k o p i n g e n s i s t e e t h f r o m t h e W H p r o v e d t o b e i n s u f fi c i e n t t o d e s c r i b e t h e a d d i t i o n a l r a n g e

o f p r e s e r v a t i o n s e e n i n t h e t e e t h f r o m P P F . A f t e r e x a m i n i n g a d d i t i o n a l f o s s i l m a t e r i a l o f

g r e a t e r p r e s e r v a t i o n a l r a n g e , T a b l e s 1 2 3 - b e x p a n d s u p o n t h e p r e s e r v a t i o n a l r a n g e , b u t

s t i l l o n l y i n a q u a l i t a t i v e m a n n e r . W i t h t h e i n f o r m a t i o n f r o m t h e q u a l i t a t i v e c a t e g o r i e s

a n d t h e e x p e r i m e n t a l w o r k , a n e w t a p h o n o m i c s c h e m e c a n b e p r o p o s e d . P r o p o s e d h e r e i s
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a s c a l e u s i n g a 1 - 1 0 s c a l e w i t h 1 b e i n g “ p r i s t i n e , ” i n t h i s c a s e a p r i s t i n e t o o t h , a n d 1 0

b e i n g “ f e a t u r e l e s s , ” a t o o t h g r o u n d d o w n t o a p e b b l e . T a b l e 2 5 i s p r o p o s e d a s a n e w

t a p h o n o m i c s c a l e t o u s e i n a s s e s s i n g t h e q u a l i t y o f p r e s e r v a t i o n o f f o s s i l s h a r k t e e t h .

F i g u r e 8 1 s h o w s h o w m o d e r n t e e t h ( f r o m t h e e x p e r i m e n t ) a n d f o s s i l t e e t h ( f r o m W H a n d

P P F ) m a y fi t i n w i t h t h e s c h e m e w i t h t h e e x c e p t i o n o f t h e c o l o r a t i o n f o r t h e f o s s i l t e e t h .

T h i s s c a l e d e s c r i b e s t h e l o s s o f d i a g n o s t i c f e a t u r e s a s w i t n e s s e d i n t h e e x p e r i m e n t s ,

s t a r t i n g w i t h a c o m p l e t e , p r i s t i n e , s h a r p , t o o t h , s l i g h t b l u n t i n g o f t h e c u s p a n d

d i s c o l o r a t i o n i s t h e fi r s t r e a l s i g n . T h i s i s f o l l o w e d b y r o u n d i n g o f t h e r o o t l o b e s . A s

w e a r p r o g r e s s e s t h e t o o t h b e c o m e s i n c r e a s i n g l y m o r e b l u n t , r o o t s m o r e a b s e n t , a n d

c u s p l e t s c o m p l e t e l y w o r n a w a y . T h e fi n a l s t a g e i s a f e a t u r e l e s s s t a g e w h e r e t h e t o o t h n o

l o n g e r r e s e m b l e s a n o r g a n i c e n t i t y . T h e r e a r e c u r r e n t l i m i t a t i o n s t o t h i s p r o p o s e d s c h e m e

a s i t i s a p p l i c a b l e t o t e e t h t h a t h a v e b e e n w o r n d o w n b u t n o t b r o k e n . A n o t h e r l i m i t a t i o n

a t t h i s t i m e i s t h e d u r a t i o n o f t h e e x p e r i m e n t ; c l e a r l y t o a c h i e v e a f e a t u r e l e s s p e b b l e w i l l

r e q u i r e m a n y h o u r s b e y o n d t h e 1 0 0 0 h o u r s t o a c h i e v e .

T h e s e o b s e r v a t i o n s a n d e x p e r i m e n t a l r e s u l t s r e v e a l i n t r i n s i c l i n k s b e t w e e n p a l e o d i v e r s i t y

a n d t a p h o n o m y a n d a r e l i k e l y a p p l i c a b l e t o o t h e r s i t e s e x h i b i t i n g d i s c r e t e l a g d e p o s i t s .

F o s s i l s t h a t a r e m o s t l i k e l y a u t o c h t h o n o u s a r e t h o s e t h a t d i s p l a y ’ l i t t l e t o n o a b r a s i o n a n d

t h o s e t h a t d o w o u l d b e a l l o c h t h o n o u s a s e v i d e n c e d b y t h e t u m b l i n g e x p e r i m e n t . T h e

v a r y i n g r a n g e o f p r e s e r v a t i o n a n d f a u n a l c o m p o s i t i o n s b e t w e e n l o c a l l y c l o s e s i t e s w o u l d

a l s o i n d i c a t e t h a t s a m p l i n g j u s t o n e s i t e i s n o t s u f fi c i e n t t o g a t h e r e n o u g h i n f o r m a t i o n f o r

a c o m p r e h e n s i v e v i e w o f t h e f a u n a o f a n a r e a .
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F i g u r e 7 1 . P r e s e r v a t i o n a l r a n g e o f A r c h a e o l a m n a k o p i n g e n s i s f r o m t h e W o o d h a w k
B o n e b e d . S c a l e b a r : 1 . 0 c m .
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L i n g u a l v i e w o f L a b i a l v i e w o f
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L i n g u a l v i e w o f p r i s t i n e
b u t b r o k e n t o o t h L a b i a l v i e w o f p r i s t i n e b u t

b r o k e n t o o t h

F i g u r e 7 2 . P r e s e r v a t i o n a l r a n g e o f A r c h a e o l a m n a k o p i n g e n s i s f r o m t h e P o w e r P l a n t

F e r r y B o n e b e d . S c a l e b a r = 1 . 0 c m .
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A r c h a e o l a m n a k o p i n g e n s i s f r o m t h e P o w e r P l a n t F e r r y B o n e b e d . C a t e g o r i e s i n b o l d w a s
A r c h a e o l a m n a k o p i n g e n s i s f r o m t h e W o o d h a w k B o n e b e d . T a b l e 1 4 b .

 

 

 



 

M o d e r n s h a r k j a w p r e -
i m m e r s i o n i n s a l t w a t e r t a n k

 

S h a r k j a w a f t e r i m m e r s i o n i n s a l t w a t e r
t a n k

   
M o d e r n s h a r k j a w i n s a l t w a t e r t a n k w i t h

s h r i m p

F i g u r e 7 3 . T o o t h p r o c u r e m e n t a t t e m p t . S c a l e b a r = 1 0 . 0 c m .

1 9 7  



 

I n d i v i d u a l b a r r e l

 
E x p e r i m e n t l i n e u p

F i g u r e 7 4 . T a p h o n o m i c e x p e r i m e n t a l s e t u p . C o n s i s t i n g o f 8 E d u S c i e n c e l a p i d a r y
t u m b l e r s , s a l t w a t e r , s a n d f r o m t h e J R F , a n d m o d e r n t e e t h o f C a r c h a r i a s t a u r u s ( s h a r k )

a n d R h i n o p t e r a b o n a s u s ( r a y ) .

1 9 8   



 

 

1 5 0 h o u r s  
7 5 6 - 2 0 0 h o u r s 7 5 f . 2 5 0 h o u r s

F i g u r e 7 5 . S a m p l e t o o t h ( A 2 ) o f m o d e r n C a r c h a r i a s t a u r u s i n l i n g u a l v i e w , s t a r t i n g f r o m
t i m e z e r o h o u r s ( a ) t o t i m e 2 5 0 h o u r s ( 1 ) . T i m e i n c r e m e n t 5 0 h o u r s .

1 9 9  
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7 6 a . 3 0 0 h o u r s 7 6 b . 3 5 0 h o u r s

  
 

7 6 c . 4 0 0 h o u r s

  

 

 

7 6 e - 5 0 0 h o u r s 7 6 f . 5 5 0 h o u r s

F i g u r e 7 6 . S a m p l e t o o t h ( A 2 ) o f m o d e r n C a r c h a r i a s t a u r u s i n l i n g u a l v i e w , s t a r t i n g f r o m
t i m e 3 0 0 h o u r s ( a ) t o t i m e 5 5 0 h o u r s ( 1 ) . T i m e i n c r e m e n t 5 0 h o u r s .

2 0 0  



  . . L ' N
7 7 a . 6 0 0 h o u r s 7 7 b . 6 5 0 h o u r s

   
7 7 c . ' i 7 0 0 h o u r s 7 7 d . 7 5 0 h o u r s

 

 

 

 

7 7 f . 8 5 0 h o u r s

F i g u r e 7 7 . S a m p l e t o o t h ( A 2 ) o f m o d e r n C a r c h a r i a s t a u r u s i n l i n g u a l v i e w , s t a r t i n g f r o m
t i m e 6 0 0 h o u r s ( a ) t o t i m e 8 5 0 h o u r s ( f ) . T i m e i n c r e m e n t 5 0 h o u r s .

2 0 1
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7 8 c . 1 0 0 0 h o u r s 7 8 1 1 . 1 0 5 0 h o u r s

F i g u r e 7 8 . S a m p l e t o o t h ( A 2 ) o f m o d e r n C a r c h a r i a s t a u r u s i n l i n g u a l v i e w , s t a r t i n g f r o m
t i m e 9 0 0 h o u r s ( a ) t o t i m e 1 0 5 0 h o u r s ( ( 1 ) . T i m e i n c r e m e n t 5 0 h o u r s .
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T o o t h A 2 , H e i g h t i n m m
 

 

 

I 1 2 3 4 5 6 S T D E V A v e r a g e
0 A 2 2 1 . 1 5 2 1 . 1 3 2 1 . 1 4 2 1 . 1 4 2 1 . 1 4 2 1 . 1 3 0 . 0 0 7 5 2 1 . 1 4 . —

5 0 A 2 1 9 . 2 9 1 9 . 3 0 1 9 . 3 0 1 9 . 2 9 1 9 . 2 8 1 9 . 2 8 0 . 0 0 8 9 1 9 . 2 9

1 0 0 A 2 1 8 . 7 7 1 8 . 7 6 1 8 . 7 7 1 8 . 7 6 1 8 . 7 5 1 8 . 7 5 0 . 0 0 8 9 1 8 . 7 6

1 5 0 A 2 1 7 . 9 6 1 7 . 9 9 1 7 . 9 6 1 7 . 9 7 1 7 . 9 8 1 7 . 9 8 0 . 0 1 2 1 1 7 . 9 7

2 0 0 A 2 1 7 . 3 6 1 7 . 3 8 1 7 . 3 4 1 7 . 3 4 1 7 . 3 6 1 7 . 3 7 0 . 0 1 6 0 1 7 . 3 6

2 5 0 A 2 1 7 . 1 2 1 7 . 1 2 1 7 . 1 5 1 7 . 1 4 1 7 . 1 4 1 7 . 1 2 0 . 0 1 3 3 1 7 . 1 3

3 0 0 A 2 1 7 . 0 5 1 7 . 0 7 1 7 . 0 7 1 7 . 0 5 1 7 . 0 6 1 7 . 0 6 0 . 0 0 8 9 1 7 . 0 6

3 5 0 A 2 1 6 . 9 4 1 6 . 9 3 1 6 . 9 3 1 6 . 9 3 1 6 . 9 2 1 6 . 9 3 0 . 0 0 6 3 1 6 . 9 3

4 0 0 A 2 1 6 . 6 8 1 6 . 6 8 1 6 . 6 8 1 6 . 6 9 1 6 . 6 8 1 6 . 6 7 0 . 0 0 6 3 1 6 . 6 8

4 5 0 A 2 1 6 . 4 0 1 6 . 3 7 1 6 . 3 7 1 6 . 3 5 1 6 . 3 5 1 6 . 3 8 0 . 0 1 9 0 1 6 . 3 7

5 0 0 A 2 1 6 . 1 0 1 6 . 1 0 1 6 . 1 1 1 6 . 1 1 1 6 . 1 2 1 6 . 0 9 0 . 0 1 0 5 1 6 . 1 1

5 5 0 A 2 1 5 . 9 5 1 5 . 9 5 1 5 . 9 5 1 5 . 9 5 1 5 . 9 5 1 5 . 9 5 0 . 0 0 0 0 1 5 . 9 5

6 0 0 A 2 1 5 . 7 8 1 5 . 7 8 1 5 . 7 7 1 5 . 7 9 1 5 . 7 8 1 5 . 7 8 0 . 0 0 6 3 1 5 . 7 8

6 5 0 A 2 1 5 . 6 7 1 5 . 6 7 1 5 . 6 7 1 5 . 6 7 1 5 . 6 7 1 5 . 6 6 0 . 0 0 4 1 1 5 . 6 7

7 0 0 A 2 1 5 . 5 1 1 5 . 5 1 1 5 . 4 9 1 5 . 6 0 1 5 . 5 1 1 5 . 5 0 0 . 0 4 0 0 1 5 . 5 2

7 5 0 A 2 1 5 . 4 6 1 5 . 4 5 1 5 . 4 4 1 5 . 4 4 1 5 . 4 5 1 5 . 4 4 0 . 0 0 8 2 1 5 . 4 5

8 0 0 A 2 1 5 . 3 5 1 5 . 3 4 1 5 . 3 5 1 5 . 3 5 1 5 . 3 5 1 5 . 3 4 0 . 0 0 5 2 1 5 . 3 5

8 5 0 A 2 1 5 . 2 9 1 5 . 2 9 1 5 . 2 9 1 5 . 2 8 1 5 . 2 9 1 5 . 2 9 0 . 0 0 4 1 1 5 . 2 9

9 0 0 A 2 1 5 . 2 6 1 5 . 2 5 1 5 . 2 5 1 5 . 2 4 1 5 . 2 3 1 5 . 2 4 0 . 0 1 0 5 1 5 . 2 5

9 5 0 A 2 1 5 . 2 0 1 5 . 2 1 1 5 . 2 0 1 5 . 2 1 1 5 . 2 0 1 5 . 2 0 0 . 0 0 5 2 1 5 . 2 0

1 0 0 0 A 2 1 5 . 1 3 1 5 . 1 3 1 5 . 1 6 1 5 . 1 8 1 5 . 1 9 1 5 . 1 8 0 . 0 2 6 4 1 5 . 1 6        
 

 

 

 
 

T a b l e 1 5 . H e i g h t c h a n g e ( m m ) o f s a m p l e t o o t h o f m o d e r n C a r c h a r i a s t a u r u s ( t a p h o n o m y

s e r i e s ) . S i x r e p l i c a t e s o f e a c h d i m e n s i o n m e a s u r e d a t e a c h i n t e r v a l . T o o t h A 2 h e i g h t
m e a s u r e m e n t s w i t h s t a n d a r d d e v i a t i o n a n d a v e r a g e f o r e a c h i n t e r v a l .
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E x p o n e n t i a l C u r v e ) .
( h e i g h t , w i d t h , a n d m a s s ) f o r C a r c h a r i a s t a u r u s a n d R h i n o p t e r a b o n a s u s ( R e g r e s s i o n

2 0 4

T a b l e 1 6 b . A p p r o x i m a t e r a t e s o f l o s sa n d R h i n o p t e r a b o n a s u s ( L i n e a r R e g r e s s i o n ) .
T a b l e 1 6 a . A p p r o x i m a t e r a t e s o f l o s s ( h e i g h t , w i d t h , a n d m a s s ) f o r C a r c h a r i a s t a u r u s
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( m m ) i q fi i a H

F i g u r e 7 9 . R a t e o f c h a n g e i n s h a r k t o o t h h e i g h t ( R e g r e s s i o n L i n e ) .
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F i g u r e 8 0 . R a t e o f c h a n g e i n s h a r k t o o t h h e i g h t ( R e g r e s s i o n E x p o n e n t i a l C u r v e ) .

0
2
0
0

4
0
0

6
0
0

8
0
0

10
00

T
i
m
e
(
H
o
u
r
s
)

 



L i n e a r R e g r e s s i o n

 

  

 

 

         

2
E q u a t i o n m R R d f

A 1 y = - 0 . 0 0 2 3 x + 1 7 . 0 6 8 - 0 . 0 0 2 3 0 . 9 5 9 4 0 . 9 7 9 4 9 2 3

A 2 y = - 0 . 0 0 4 6 x + 1 8 . 9 2 6 - 0 . 0 0 4 6 0 . 8 1 4 8 0 . 9 0 2 6 6 3 2 3

A 3 y = - 0 . 0 0 2 4 x + 1 2 . 6 5 3 - 0 . 0 0 2 4 0 . 8 2 7 3 0 . 9 0 9 5 6 2 3

B 1 y = - 0 . 0 0 1 4 x + 7 . 9 3 4 3 - 0 . 0 0 1 4 0 . 8 9 7 5 0 . 9 4 7 3 6 5 2 3

B 2 y = - 0 . 0 0 2 6 x + 1 2 . 5 5 9 - 0 . 0 0 2 6 0 . 8 6 1 7 0 . 9 2 8 2 7 8 2 3

B 3 y = - 0 . 0 0 2 7 x + 9 . 7 4 8 9 - 0 . 0 0 2 7 0 . 9 1 0 6 0 . 9 5 4 2 5 4 2 3

C 1 y = - 0 . 0 0 2 7 x + 1 4 . 2 5 5 - 0 . 0 0 2 7 0 . 8 6 4 5 0 . 9 2 9 7 8 5 2 3

C 2 y = - 0 . 0 0 2 2 x + 1 1 . 9 6 4 - 0 . 0 0 2 2 0 . 8 3 7 5 0 . 9 1 5 1 5 2 3

C 3 y = - 0 . 0 0 0 2 x + 1 3 . 4 7 3 - 0 . 0 0 0 2 0 . 7 8 4 8 0 . 8 8 5 8 8 9 2 3

D 1 y = - 0 . 0 0 2 5 x + 1 2 . 0 1 3 - 0 . 0 0 2 5 0 . 8 2 4 1 0 . 9 0 7 8 2 3

D 2 y = - 0 . 0 0 2 2 x + 1 0 . 0 5 1 - 0 . 0 0 2 2 0 . 7 9 1 9 0 . 8 8 9 8 8 8 2 3

D 3 y = - 0 . 0 0 2 8 x + 1 6 . 6 8 9 - 0 . 0 0 2 8 0 . 5 7 7 2 0 . 7 5 9 7 3 7 2 3

E 1 y = - 0 . 0 0 2 1 x + 1 3 . 7 5 7 - 0 . 0 0 2 1 0 . 6 6 5 9 0 . 8 1 6 0 2 7 2 3

E 2 y = - 0 . 0 0 4 x + 1 6 . 3 7 - 0 . 0 0 4 0 . 7 7 5 4 0 . 8 8 0 5 6 8 2 3

E 3 y = - 0 . 0 0 3 1 x + 1 6 . 2 9 - 0 . 0 0 3 1 0 . 7 4 1 9 0 . 8 6 1 3 3 6 2 3

F 1 y = - 0 . 0 0 1 8 x + 1 0 . 0 8 1 - 0 . 0 0 1 8 0 . 8 7 9 7 0 . 9 3 7 9 2 3 2 3

F 2 y = - 0 . 0 0 2 5 x + 1 4 . 6 5 1 - 0 . 0 0 2 5 0 . 7 4 1 7 0 . 8 6 1 2 2 2 3

F 3 y = - 0 . 0 0 5 1 x + 1 1 . 4 5 1 - 0 . 0 0 1 5 0 . 8 2 3 4 0 . 9 0 7 4 1 4 2 3

G 1 y = - 0 . 0 0 1 9 x + 1 2 . 0 7 2 - 0 . 0 0 1 9 0 . 8 5 6 8 0 . 9 2 5 6 3 5 2 3

G 2 y = - 0 . 0 0 3 4 x + 1 3 . 5 9 9 - 0 . 0 0 3 4 0 . 8 5 2 7 0 . 9 2 3 4 1 8 2 3

G 3 y = - 0 . 0 0 2 9 x + 1 3 . 6 7 - 0 . 0 0 2 9 0 . 8 6 8 3 0 . 9 3 1 8 2 6 2 3

H 1 y = - 0 . 0 0 l e + 1 0 . 9 8 - 0 . 0 0 2 1 0 . 7 7 9 0 . 8 8 2 6 1 2 3

H 2 y = - 0 . 0 0 2 2 x + 1 1 . 0 7 4 - 0 . 0 0 2 2 0 . 9 0 9 5 0 . 9 5 3 6 7 7 2 3

H 3 y = - 0 . 0 0 3 2 x + 1 3 . 8 8 5 - 0 . 0 0 3 2 0 . 8 6 5 6 0 . 9 3 0 3 7 6 2 3

A v e r a g e - 0 . 0 0 2 4 7 1 0 . 8 2 1 3 0 . 9 0 5 0 7 9

A l l S i g n i f i c a n t a t 9 9 %

T a b l e 1 7 . C o r r e l a t i o n f o r s h a r k ( C a r c h a r i a s t a u r u s ) t o o t h h e i g h t l o s s ( L i n e a r

R e g r e s s i o n ) .

2 0 7



E x p o n e n t i a l R e g r e s s i o n
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E q u a t i o n A R R d f

A 1 y = 2 1 . 0 7 1 x " - 0 . 0 4 7 3 “ 0 . 0 4 7 3 0 . 9 2 5 3 0 . 9 6 1 9 2 5 2 3

A 2 y = 2 7 . 8 1 2 x " - 0 . 0 8 7 9 “ 0 . 0 8 7 9 0 . 9 8 3 1 0 . 9 9 1 5 1 4 2 3

A 3 y = 1 6 . 9 2 1 x " - 0 . 0 6 9 9 “ 0 . 0 6 9 9 0 . 9 8 4 3 0 . 9 9 2 1 1 9 2 3

B I y = 1 0 . 3 7 1 x " - 0 . 0 6 1 4 “ 0 . 0 6 1 4 0 . 9 3 1 8 0 . 9 6 5 2 9 8 2 3

3 2 y = 1 7 . 1 8 2 “ 0 . 0 7 2 “ 0 . 0 7 2 0 . 9 6 7 1 0 . 9 8 3 4 1 2 2 3

B 3 y = 1 5 . 4 8 1 X “ 0 . 1 0 4 “ 0 . 1 0 4 0 . 9 5 5 9 0 . 9 7 7 7 0 1 2 3

C 1 y = 1 9 . 0 1 6 X “ 0 . 0 6 6 2 “ 0 . 0 6 6 2 0 . 9 6 6 2 0 . 9 8 2 9 5 5 2 3

C 2 y = 1 5 . 9 0 5 x " - 0 . 0 6 5 3 “ 0 . 0 6 5 3 0 . 9 8 1 6 0 . 9 9 0 7 5 7 2 3

C 3 y = 1 6 . 3 9 X “ 0 . 0 4 6 8 “ 0 . 0 4 6 8 0 . 9 6 6 9 0 . 9 8 3 3 1 1 2 3

D 1 y = l 6 . 3 8 3 x " - 0 . 0 7 1 6 “ 0 . 0 7 1 6 0 . 9 8 0 9 0 . 9 9 0 4 0 4 2 3

D 2 y = 1 3 . 7 2 5 X " 0 . 0 7 3 “ 0 . 0 7 3 0 . 9 7 5 7 0 . 9 8 7 7 7 5 2 3

D 3 y = 2 0 . 6 8 4 X “ 0 . 0 5 2 8 “ 0 . 0 5 2 8 0 . 9 6 6 5 0 . 9 8 3 1 0 7 2 3

E 1 y = 1 6 . 4 l 4 x " - 0 . 0 4 4 7 “ 0 . 0 4 4 7 0 . 9 6 4 9 0 . 9 8 2 2 9 3 2 3

E 2 y = 2 3 . 4 8 4 X “ 0 . 0 8 8 6 “ 0 . 0 8 8 6 0 . 9 8 3 2 0 . 9 9 1 5 6 4 2 3

E 3 y = 2 1 . 0 0 5 X “ 0 . 0 6 1 2 “ 0 . 0 6 1 2 0 . 9 6 4 4 0 . 9 8 2 0 3 9 2 3

F 1 y = 1 3 . 2 6 7 X “ 0 . 0 6 2 7 “ 0 . 0 6 2 7 0 . 9 7 0 1 0 . 9 8 4 9 3 7 2 3

F 2 y = 1 8 . 5 9 8 X “ 0 . 0 5 7 “ 0 . 0 5 7 0 . 9 9 0 3 0 . 9 9 5 1 3 8 2 3

F 3 y = 1 3 . 8 8 X “ 0 . 0 4 4 9 “ 0 . 0 4 4 9 0 . 9 6 8 0 . 9 8 3 8 7 2 3

G 1 y = 1 5 . 2 7 3 X “ 0 . 0 5 4 5 “ 0 . 0 5 4 5 0 . 9 5 9 9 0 . 9 7 9 7 4 5 2 3

( 3 2 y = 2 0 . 4 0 8 x " - 0 . 0 9 2 5 “ 0 . 0 9 2 5 0 . 9 7 9 4 0 . 9 8 9 6 4 6 2 3

G 3 y = 1 9 . 1 9 7 X “ 0 . 0 7 6 8 “ 0 . 0 7 6 8 0 . 9 8 1 4 0 . 9 9 0 6 5 6 2 3

H 1 y = 1 4 . 2 8 8 X “ 0 . 0 6 2 4 “ 0 . 0 6 2 4 0 . 9 7 4 6 0 . 9 8 7 2 1 8 2 3

H 2 y = 1 5 . 3 7 4 X “ 0 . 0 7 3 6 “ 0 . 0 0 7 3 6 0 . 9 6 3 0 . 9 8 1 3 2 6 2 3

H 3 y = 2 0 . 1 3 9 X “ 0 . 0 8 4 5 “ 0 . 0 0 8 4 5 0 . 9 6 8 1 0 . 9 8 3 9 2 1 2 3

A v e r a g e # D I V / 0 1 0 . 9 6 8 8 5 8 3 3 0 . 9 8 4 2 7 6

A 1 1 S i g n i fi c a n t a t 9 9 %

T a b l e 1 8 . C o r r e l a t i o n f o r s h a r k ( C a r c h a r i a s t a u r u s ) t o o t h h e i g h t l o s s ( E x p o n e n t i a l
R e g r e s s i o n ) .
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T a b l e 1 9 a .

L i n e a r

, , H e i g h t l o s s 7 W i d t h l o s s M a s s l o s s

C a r c h a r i a s t a u r u s | 9 9 % | 9 9 % I 9 9 % 1
R h i n o p t e r a b o n a s u s I 9 9 % I 9 8 % I 9 9 % j

T a b l e 1 9 b .

E x p o n e n t i a l

H e i g h t l o s s W i d t h l o s s M a s s l o s s

C a r c h a r i a s t a u r u s I 9 9 % I 9 9 % I 9 9 % I
R h i n o p t e r a b o n a s u s I 9 9 % I 9 9 % I 9 9 % I
 

T a b l e 1 9 a . S i g n i fi c a n c e c o r r e l a t i o n ( h e i g h t , w i d t h , a n d m a s s ) f o r p o p u l a t i o n o f

C a r c h a r i a s t a u r u s a n d R h i n o p t e r a b o n a s u s ( L i n e a r R e g r e s s i o n ) . T a b l e 1 9 b .

S i g n i fi c a n c e c o r r e l a t i o n ( h e i g h t , w i d t h , a n d m a s s ) f o r p o p u l a t i o n o f C a r c h a r i a s t a u r u s

a n d R h i n o p t e r a b o n a s u s ( R e g r e s s i o n E x p o n e n t i a l C u r v e ) .

2 0 9
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t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 5 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 3 . 2 5 9 8 6 1 1 1

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 7 . 2 2 8 3 9 7 5 6 4

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 1 1 4 3 6 5 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 7 8 3 6 8 6 1 3

P ( T < = t ) o n e - t a i l 9 . 0 3 6 6 4 E - 1 1

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 8 0 7 3 3 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

4 5 0 H o u r s 5 0 0 H o u r s

M e a n 1 1 . 7 3 4 7 9 1 6 7 1 1 . 5 6 3 5 7 5 8 9

V a r i a n c e 5 . 4 6 6 1 0 3 9 4 5 . 6 1 0 4 3 6 3 1 4

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 8 8 4 9 5 6 5 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f . 2 3

t S t a t 2 . 3 4 1 1 9 7 2 0 8

P ( T < = t ) o n e - t a i l 0 . 0 1 4 1 2 7 3

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 0 . 0 2 8 2 5 4 6

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 0 0 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 0 . 9 4 7 5

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 0 3 4 2 9 6 8 6

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 6 6 1 7 1 2 3 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 6 . 0 7 7 8 8 0 1 8

P ( T < = t ) o n e - t a i l 2 . 6 4 9 7 4 E — 1 4

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 5 . 2 9 9 4 7 E — 1 4

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

T a b l e 2 0 . S t u d e n t ' s t - T e s t r e s u l t s f o r t o o t h h e i g h t l o s s f o r C a r c h a r i a s t a u r u s .

2 1 0

 

 



 

 

H e i g h t l o s s W i d t h l o s s M a s s l o s s

C a r c h a r i a s t a u r u s , -

I n d i v i d u a l l y I p = 0 . 0 0 0 5 I p = 0 . 0 0 0 5 J p = 0 . 0 0 0 5 I

P o p u l a t i o n I p = 0 . 0 0 0 5 I p = 0 . 0 0 0 5 J p = 0 . 0 0 0 5 I
 

R h i n o p t e r a b o n a s u s

I n d i v i d u a l l y F p = 0 . 0 1 0 0 0 1 | p = 0 0 1 0 0 0 1 | p = 0 . 0 1 - 0 . 0 0 1 |
P o p u l a t i o n I p = 0 . 0 1 - 0 . 0 0 1 I p = 0 . 0 1 - 0 . 0 0 1 I p = 0 . 0 1 - 0 . 0 0 1 I

T a b l e 2 1 . S t u d e n t ' s t - T e s t ( h e i g h t , w i d t h , a n d m a s s ) f o r p o p u l a t i o n o f C a r c h a r i a s t a u r u s
a n d R h i n o p t e r a b o n a s u s .

2 1 1
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T a b l e 2 2 . Q u a l i t a t i v e p r e s e r v a t i o n a l r a n g e b y b o n e b e d .
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W H W H R R R P P F T o t a l W H T o t a l W H 8 : P P F

H y b o d u s m o n t a n e n s i s 1 0 - - 1 0 1 0

C r e t o r e c t o l o b u s o l s o n i 6 7 1 3 8 8 0 8 8

S q u a l i c o r a x k a u p i 3 - 1 3 4

S q u a l i c o r a x s p . , c f . S . k a u p i 1 - 1 1 2

S q u a l i c o r a x p r i s t o d o n t u s - - 4 - 4

H y p o t o d u s g r a n d i s 1 0 - 1 8 1 0 2 8

H y p o t o d u s s p p . 6 3 - 1 9 6 3 8 2

A r c h a e o l a m n a k o p i n g e n s i s 6 3 1 4 4 5 7 7 1 2 2

C r e t o l a m n a a p p e n d i c u l a t a 9 - 2 9 l l

P r o t o l a m n a s o k o l o v i 8 - 2 8 1 0

A r c h a e o t r i a k i s r o c h e l l e a e - - 2 - 2

P r o t o p l a t y r h i n a r e n a e 5 7 4 4 6 4 4 2 6 2 0 1 0 6 2

P r o t o p l a t y r h i n a r e n a e ( d e r m a l d e n t i c l e s ) 2 8 0 2 8 2 1 4 3 0 8 5 2 2

S q u a t i r h i n a s p . 1 3 - - 1 3 1 3

I s c h y r h i z a a v o n i c o l a 1 - - 1 l

I s c h y r h i z a m i r a 6 3 6 6 3 4 1 2 9 1 6 3

P t y c h o t r y g o n h o o v e r i 1 0 l 5 1 1 1 6

P t y c h o t r y g o n t r i a n g u l a r i s 1 - 6 1 7

S c l e r o r h y n c h i d a e i n d e t . 2 5 5 6 3 O 3 6

M y l e d a p h u s b i p a r t i t u s 1 2 5 1 1 7 1 8

M y l e d a p h u s b i p a r t i t u s ( d e r m a l d e n t i c l e s ) 1 2 l 2 1 3 1 5

I s c h y o d u s 3 5 - - 3 5 3 5

d e r m a l d e n t i c l e s 6 1 1 2 5 9 7 3 1 3 2

P a r a l b u l a c a s e i 1 - - l 1

C r o c o d i l e 2 1 1 3 4

p r i s m a t i c c a r t i l a g e 5 - 2 5 5 3 0

t o o t h f r a g m e n t s 1 8 8 3 5 1 1 9 2 2 3 3 4 2

E n c h o d u s ? 3 5 3 8 1 1

c e n t r a 6 4 4 - 3 4 9 6 4 4 9 9 3

t a p e r e d t e l e o s t t e e t h 1 9 - - 1 9 1 9

c a p t e l e o s t t e e t h 3 5 1 - 3 6 3 6

s h a r k s p i n e ? - - 6 - 6

p o s s i b l e t u r t l e p i e c e s - - 4 8 - 4 8

u n i d e n t i f i e d b o n e c h u n k s - - 5 - 5

t o t a l s 2 2 1 8 2 3 3 1 4 2 7 2 4 5 1 3 8 7 8

T a b l e 2 3 . T o t a l f o s s i l e l e m e n t s b y b o n e b e d . W H R R R i s t h e m a t e r i a l c o l l e c t e d b y R R R

f r o m t h e W o o d h a w k B o n e b e d a n d s c r e e n e d i n t h e fi e l d .

2 1 3
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T a b l e 2 4 . P e r c e n t a g e o f e l a s m o b r a n c h t a x a b y b o n e b e d i n d e s c e n d i n g o r d e r .
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C H A P T E R F I V E

S U M M A R Y A N D C O N C L U D I N G R E M A R K S

S i x a d d i t i o n a l s p e c i e s w e r e f o u n d t h a t w e r e p r e v i o u s l y u n r e p o r t e d f o r t h e J R F :

S q u a l i c o r a x p r i s t o d o n t u s , C r e t o l a m n a a p p e n d i c u l a t a , P r o t o l a m n a s o k o l o v i , I s c h y r h i z a

a v o n i c o l a , P t y c h o t r y g o n h o o v e r i , a n d P t y c h o t r y g o n t r i a n g u l a r i s . T h e c o m b i n e d f a u n a s

f r o m t h e W H a n d P P F b o n e b e d s a n d C a s e ’ s s t u d i e s ( 1 9 7 8 a a n d 1 9 7 9 ) i n d i c a t e t h a t t h e

J R F w a s a c o a s t a l , w a r m s h a l l o w m a r g i n a l m a r i n e e n v i r o n m e n t h o s t t o a m o d e r a t e l y

d i v e r s e f a u n a o f m o s t l y l a m n i f o r m s a n d r a j i f o r m s . C l u s t e r a n a l y s i s s h o w s t h a t 1 7 o f t h e

t a x a f r o m t h e J R F a r e e n d e m i c b u t t h e y a r e m o r e l i k e l y e n d e m i c t o t h e e n d o f t h e

C r e t a c e o u s o f t h e W I S : H y b o d u s m o n t a n e n s i s , H y b o d u s s t o r e r i , S y n e c h o d u s a n d e r s o n i ,

S y n e c h o d u s s t r i a t u s , C r e t o r e c t o l o b u s o l s o n i , E u c r o s s o r h i n u s m i c r o c u s p i d a t u s ,

H y p o t o d u s g r a n d i s , H y p o t o d u s s p p . , O d o n t a s p i s s a n g u i n e i , A r c h a e o l a m n a k o p i n g e n s i s ,

A r c h a e o t r i a k i s r o c h e l l e a e , P r o t o p l a t y r h i n a r e n a e , S q u a t i r h i n a s p . , I s c h y r h i z a m i r a ,

P t y c h o t r y g o n b l a i n e n s i s , S c l e r o r h y n c h i d a e i n d e t , a n d M y l e d a p h u s b i p a r t i t u s . A l s o

p r e s e n t i n t h i s f a u n a a r e t h e c o s m o p o l i t a n s p e c i e s : C r e t o l a m n a a p p e n d i c u l a t a ,

P r o t o l a m n a s o k o l o v i , I s c h y r h i z a s p . , P t y c h o t r y g o n h o o v e r i a n d P t y c h o t r y g o n

t r i a n g u l a r i s . T h e s p e c i e s c o m p o s i t i o n s o f C a s e ’ s s t u d i e s a n d t h i s s t u d y d i f f e r ; h o w e v e r ,

t h e c o m b i n e d f a u n a s p r o d u c e a m o r e c o m p r e h e n s i v e f a u n a l l i s t t h a t i s o n p a r w i t h

c o n t e m p o r a n e o u s f a u n a s f r o m s i m i l a r e n v i r o n m e n t s f r o m t h e J R F . T h e J R F f a u n a i s p a r t

o f t h e J u d i t h R i v e r F o r m a t i o n P r o v i n c e , o f w h i c h t h e f a u n a s f r o m t h e D i n o s a u r P a r k

F o r m a t i o n ( A l b e r t a ) , M e s a v e r d e F o r m a t i o n ” ( W y o m i n g ) , a n d t h e H e l l C r e e k F o r m a t i o n

( M o n t a n a ) a r e a p a r t , b a s e d o n a g e n e r i c l e v e l P A E .
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T h e c o s m o p o l i t a n a n d e n d e m i c c o m p o s i t i o n o f t h e f a u n a i s m o s t l y a u t o c h t h o n o u s

( c h i m a e r i d s a n d s o m e o f t h e r a y s a r e p r o b a b l y a l l o c h t h o n o u s ) . M a t e r i a l f o u n d i n s i t u i s

l i k e l y t o b e l e s s a b r a d e d t h a n m a t e r i a l b r o u g h t i n , a s e v i d e n c e d b y t h e t a p h o n o m i c

e x p e r i m e n t s , e x p e r i m e n t s t h a t a l s o s h o w , t h a t d e s p i t e h a v i n g t w o l o c a t i o n s f a i r l y c l o s e t o

e a c h o t h e r t h e y c a n s t i l l v a r y i n e n v i r o n m e n t . T h e s i t e s a r e l o c a l i z e d a r e a s o f v a r i a b l e

e n e r g y r e p r e s e n t e d b y t h e s l i g h t f a u n a l c h a n g e s , t h e a b u n d a n c e o f m a t e r i a l f o u n d , a n d t h e

d e g r e e o f p r e s e r v a t i o n . T h e W H s i t e r e p r e s e n t s a h i g h e r e n e r g y e n v i r o n m e n t b r i n g i n g i n

a d d i t i o n a l m a t e r i a l f r o m f a r t h e r o f f s h o r e a n d m i x i n g i t w i t h l o c a l m a t e r i a l , a n d a b r a d i n g

t h e s p e c i m e n s t o a h i g h e r d e g r e e t h a n t h o s e p r e s e r v e d a t P P F , w h e r e t h e m a t e r i a l r e fl e c t s

a m o r e a u t o c h t h o n o u s o r i g i n . T h i s c r e a t e s a m i x t u r e o f m a r i n e a n d e s t u a r i n e f o s s i l s ,

w h i c h p r o d u c e s m i x e d i n t e r p r e t a t i o n s o f t h e g e o l o g y a n d p a l e o n t o l o g y o f t h e J R F . T h e

e x p e r i m e n t a l a p p r o a c h a p p l i e d h e r e p r o v i d e s i n s i g h t o n : ( 1 ) d i s t i n g u i s h i n g t h e

a u t o c h t h o n o u s f r o m a l l o c h t h o n o u s f o s s i l v e r t e b r a t e h a r d p a r t s , ( 2 ) q u a n t i f y i n g t h e

a m o u n t o f t r a n s p o r t a n d w e a r , a n d ( 3 ) i l l u s t r a t i n g t h e p o t e n t i a l o f p o s t m o r t e m e f f e c t s t o

c a u s e t h e l o s s o r d i s t o r t i o n o f d i a g n o s t i c s k e l e t a l f e a t u r e s ; i n t h e c a s e o f s h a r k t e e t h , t h e

r o o t l o b e s a n d a p e x o f t h e c u s p w e a r d o w n fi r s t , f o l l o w e d b y o t h e r p r o j e c t i o n s s u c h a s

c u s p l e t s . L o s s o f t h e s e f e a t u r e s m a y i n f o r m o n e o f t a p h o n o m i c p r o c e s s e s a t p l a y , b u t t h e

g a i n o f t a p h o n o m i c i n f o r m a t i o n m e a n s l o s s o f i n f o r m a t i o n o n t h e t a x o n a n d o v e r a l l t h e

f a u n a . A p r e l i m i n a r y p r o d u c t f r o m t h e s e o b s e r v a t i o n s a n d e x p e r i m e n t s i s a t a p h o n o m i c

s c a l e t h a t c a n b e a p p l i e d t o m o d e r a t e l y w o r n s h a r k t e e t h . T h e s c a l e d e v i s e d h e r e h a s 1

e q u a l i n g “ p r i s t i n e ” a n d 1 0 e q u a l i n g “ f e a t u r e l e s s . ” H o w e v e r t h e w o r k h e r e h a s o n l y b e e n

a b l e t o a c h i e v e a 6 ( “ f a i r ” ) o n t h i s s c a l e w h e r e t h e t e e t h a r e w o r n a n d h a v e l o s t t h e i r

c u s p l e t s . M o r e w o r k i s n e e d e d t o r e a c h t h e “ f e a t u r e l e s s ” s t a g e .

2 1 8

 



W o r k f o r t h e f u t u r e : M o r e s i t e s n e e d t o b e f o u n d t o b e t t e r a s s e s s t h e r a n g e o f

p a l e o e n v i r o n m e n t s a n d f a u n a l v a r i a t i o n s , n o t j u s t w i t h i n t h e J R F o f M o n t a n a , b u t a l s o

t h r o u g h o u t t h e W I S . Q u e s t i o n s t h a t c a n b e a s k e d : i s t h e r e a w i d e v a r i e t y o f l o c a l

p a l e o e n v i r o n m e n t s o u t t h e r e o r i s i t fi n i t e ? D o p a l e o e n v i r o n m e n t s c h a n g e w i t h l o c a t i o n ?

W i t h t i m e ?

E x p e r i m e n t a l w o r k s h o u l d c o n t i n u e a s p l e n t y o f q u e s t i o n s a r o s e d u r i n g t h i s s t u d y t h a t

c o u l d n o t b e a d d r e s s e d w i t h i n t h e s c o p e o f t h i s p r o j e c t . A d d i t i o n a l t u m b l i n g s t u d i e s

w o u l d b e b e n e fi c i a l . T h e y c o u l d b e d o n e t o m i m i c d i f f e r e n t e n v i r o n m e n t a l c o n d i t i o n s .

T h e J R F m a t e r i a l c o m e s f r o m a e l a s t i c r i c h e n v i r o n m e n t , w h a t h a p p e n s w h e n c l a s t s i z e

c h a n g e s ? W h a t h a p p e n s w h e n c l a s t s a r e r e m o v e d a n d t h e w a t e r c h e m i s t r y h a s c h a n g e d ?

W h a t a b o u t c l a s t s i z e s a n d c h a n g i n g w a t e r c h e m i s t r y ? D i f f e r e n t s e d i m e n t s f r o m d i f f e r e n t

l o c a l i t i e s w o u l d n e e d t o b e c o l l e c t e d , a n d w a t e r c h e m i s t r i e s s i m u l a t e d . T h e c u r r e n t s t u d y

o n l y u s e d s e d i m e n t d i r e c t l y f r o m t h e J R F a n d s t a n d a r d s a l t w a t e r ( b a s e d o n t h e R e d S e a

S a l t r e c i p e f o r a q u a r i a ) t o b e s t m i m i c t h e e n v i r o n m e n t o f t h e J R F s h a r k s a n d o v e r a l l l i m i t

v a r i a b l e s .

T h e t e e t h u s e d i n a n y e x p e r i m e n t s w o u l d a l s o h a v e t o b e a l t e r e d . W h a t h a p p e n s w h e n

d i f f e r e n t s h a p e d s h a r k t e e t h a r e u s e d ? T h i s w o u l d b e q u i t e d i f fi c u l t t o t e s t , u n a l t e r e d

m o d e r n s h a r k t e e t h a r e d i f fi c u l t t o a c q u i r e . W h e n a v a i l a b l e t h e y h a v e c o m e f r o m a q u a r i a ,

b u t t h e v a r i e t y o f s p e c i e s i s q u i t e l i m i t e d . W h a t h a p p e n s w h e n b r o k e n t e e t h a r e u s e d ?

D o t h e f r a c t u r e d / b r o k e n e d g e s w e a r d o w n l i k e t h e t e e t h i n t h i s s t u d y o r w o u l d t h e y

f r a c t u r e f u r t h e r ? I f p o s s i b l e , t h e a g e o f s h a r k s p r o d u c i n g t h e t e e t h w o u l d b e u s e f u l t o t e s t
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a g a i n s t . H o w d o o l d e r s h a r k t e e t h d i f f e r f r o m y o u n g e r s h a r k t e e t h ( a f t e r f a c t o r i n g i n

o n t o g e n e t i c h e t e r o d o n t y , i f p r e s e n t ) ? D o t h e y d i f f e r a t a l l ? W h a t a b o u t f e / m a l e s h a r k s ,

w o u l d t h e r e b e a d i f f e r e n c e b e t w e e n t h e m ( w i t h f a c t o r i n g i n s e x u a l h e t e r o d o n t y , i f

p r e s e n t ) ? D i e t m a y b e a b i g f a c t o r , i n w h i c h c a s e , a g e a n d s e x m a y b e e f f e c t e d . W h a t

a b o u t t e e t h c o l l e c t e d d u r i n g d i f f e r e n t s e a s o n s ? A g a i n , t h i s c o u l d b e d i e t d r i v e n . M a t e r i a l

c a n b e r e w o r k e d a f t e r f o s s i l i z a t i o n , s o f o s s i l s h a r k t e e t h s h o u l d a l s o b e e x a m i n e d ( t h e

c u r r e n t s t u d y o n l y u s e d m o d e r n ( e x t a n t ) , i n t a c t s h a r p , t e e t h i n o r d e r t o l i m i t t h e

v a r i a b l e s ) , h o w d o t h e y c o m p a r e t o t h e m o d e r n t e e t h i n w e a t h e r i n g e x p e r i m e n t s ?

A d d i t i o n a l l y , w a v e a c t i o n m o d e l s w o u l d b e a m o r e a p p r o p r i a t e s i m u l a t i o n f o r a b r a d i n g

t e e t h a n d s h o u l d b e e m p l o y e d ( w i t h t h e a b o v e v a r i a t i o n s o f s e d i m e n t , w a t e r c h e m i s t r y ,

a n d t e e t h ) . W i t h s u c h a s e t u p , d i f f e r e n t w a v e a n d c o a s t a l c o n d i t i o n s c a n b e m i m i c k e d ,

f u r t h e r e x p l o r i n g n a t u r a l s c e n a r i o s . S h a r k c a r t i l a g e p r e s e r v a t i o n i s a l s o a n i n t e r e s t i n g

t o p i c t o e x p l o r e a s i t d o e s n o t r e a d i l y p r e s e r v e i n t h e f o s s i l r e c o r d . F o s s i l i z e d p i e c e s w e r e

f o u n d a t b o t h W H a n d P P F . T h e m o d e r n s h a r k j a w s p l a c e d i n t a n k s w i t h s h r i m p ( f o r

t o o t h e x t r a c t i o n / p r o c u r e m e n t ) , a t t h e S h r i m p F a r m M a r k e t w e r e e a t e n b y t h e s h r i m p

( P e n a e u s v a n n a m e i — P a c i fi c w h i t e s h r i m p ) , w h i c h a r e s c a v e n g e r s . T o d i s c o u n t a n y

b r e a k d o w n o f t h e c a r t i l a g e b y t h e w a t e r a l o n e , j a w s w e r e a l s o p l a c e d i n t a n k s o f s a l t

w a t e r f o r w e e k s t o m o n t h s a n d s h o w e d n o d e c a y o r d e g r a d a t i o n , o n l y t h e l o s s o f r i g i d i t y

i n t h e c a r t i l a g e . A s c u r r e n t e x p e r i m e n t s f o c u s e d o n p h y s i c a l a b r a s i o n o f t h e t e e t h ,

c h e m i c a l a n d b i o l o g i c a l e x p e r i m e n t s w o u l d b e o t h e r a v e n u e s t o e x p l o r e .
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R o o t s t u d i e s a r e i n t h e i r i n f a n c y r i g h t n o w . I t h a s l a r g e l y b e e n a s s u m e d t h a t a n y

s t r i a t i o n s a n d / o r g r o o v e s o n a n y f o s s i l s a r e t h e r e s u l t o f r o o t s . H o w e v e r , t o d a t e t h e r e i s

o n l y o n e p i l o t s t u d y o n t h e s u b j e c t . S h a r k t e e t h c a n b e u t i l i z e d i n t h i s l i n e o f w o r k t o

d e t e r m i n e i f n a t i v e v e g e t a t i o n ( e x . p r a i r i e g r a s s ) i n M o n t a n a i s a l t e r i n g t h e s h a r k t e e t h i n

t h e fi e l d , a n d i s t h e r e a n y d i f f e r e n c e b e t w e e n m o d e r n a n d f o s s i l t e e t h ? A n o t h e r

i n t e r e s t i n g i d e a t h a t w i l l b e d i f fi c u l t t o t e s t , i s h o w d i g e s t i v e a c i d s o f s h a r k s ( o r o t h e r

a n i m a l s ) e f f e c t t e e t h . T h i s w o u l d f o l l o w t e e t h , w h e t h e r t h e y h a d b e e n s h e d a n d

s w a l l o w e d , o r h a d b e e n e a t e n b y a n o t h e r s h a r k o r a n i m a l , t h r o u g h t h e d i g e s t i v e s y s t e m .

P r e s u m a b l y t h e r e w o u l d b e e t c h i n g o f t h e t e e t h f r o m t h e d i g e s t i v e a c i d s , b u t w o u l d t h e r e

b e a n y t h i n g l e f t ? W o u l d t h e r e i n f a c t b e a n y e t c h i n g ? H o w d o d i f f e r e n t a n i m a l s ’ s y s t e m s

c o m p a r e i n t h e d i g e s t i o n o f s h a r k t e e t h ? A n o t h e r m a t t e r t o e x p l o r e i s d i a g e n e s i s . S e l e c t

t e e t h w e r e s e n t b a c k t o R R R f o r s e c t i o n i n g a n d s t u d y b u t t h e r e h a v e b e e n n o r e s u l t s t o

r e p o r t b a c k o n y e t . D i a g e n e t i c a n d i s o t o p i c s t u d i e s c a n a l s o b e c a r r i e d o u t o n b o t h

m o d e r n a n d f o s s i l s h a r k t e e t h , t o s e e i f i t i s p o s s i b l e t o d e t e r m i n e a t w h a t p o i n t a t o o t h

g o e s f r o m b e i n g “ m o d e m ” t o “ f o s s i l . ” L a s t l y , c u r r e n t w o r k i s b e i n g d o n e t o m e a s u r e t h e

c h a n g e i n s h a r p n e s s o f t h e t e e t h a n d p o s s i b l e m e t h o d s a r e c u r r e n t l y b e i n g s o u g h t o u t f o r

t e s t i n g .
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Squalicorax_pristodontus

Squalicorax_sp.

Squalicorax_sp._l

Squalicorax_sp._2

Scyliorhinus_arlingtonensis

Scyliorhinidae

Galeorhinus_sp.

Palaeogaleus_sp.

Archaeotriakis_rochelleae

Protoplatyrhina_renae

Pseudohypolophus_mcnultyi

?Pseudohypolophus_sp.

Rhinobatos_casieri

Rhinobatos_incertus

Rhinobatos_kiestensis

Rhinobatos_lobatus

Rhinobatos_sp.
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'panunuoo(1xypusddv

Squatirhina_sp.

Rajidae

Ischyrhiza_avonicola

Ischyrhiza_mira

Ischyrhiza_schneideri

Ischyrhiza_texana

Ischyrhiza_sp.

Kiestus_tex'anus

Onchopristis_dunklei

Ptychotrygon_blainensis

Ptychotrygon_hooveri

Ptychotrygon_texana

Ptychotrygon_triangularis

Sclerorhynchus_priscus

Sclerorhynchus_sp.

Sclerorhynchus_sp._2

Texatrygon_hooveri

Sclerorhynchidae_indet.

Dasyatis__spp.

Myledaphus_bipartitus

Cretomanta_canadensis



A P P E N D I X E

P A S T R E S U L T S O F X z - T E S T O F O B S E R V E D V E R S U S E X P E C T E D O F

P R E L I M I N A R Y C H A R A C T E R I Z A T I O N S C A L E A N D P R E L I M I N A R Y

T A P H O N O M I C C H A R A C T E R I Z A T I O N A D D E N D U M

2 4 7



A
P r i s t i n e _ ( p a t c h y _ c o l o r a t i o n )

R o o t _ m i n i m a l l y _ a b r a d e d _ c r o w n _ p a t c h y _ c o l o r a t i o n

P r i s t i n e _ ( c r 0 w n _ t i p _ _ b r o k e n )

R 0 0 t _ a b r a d e d _ w / _ c o l o r a t i o n

B r o k e n

B r o k e n _ p a t c h y _ c o l o r a t i o n

L
P r i s t i n e _ ( p a t c h y _ c o l o r a t i o n )

R 0 0 t _ m i n i m a l l y _ a b r a d e d _ c r o w n _ p a t c h y _ c 0 1 0 r a t i o n

P r i s t i n e _ ( c r o w n _ t i p _ b r 0 k e n )

R 0 0 t _ a b r a d e d _ w / _ c o l o r a t i o n
B r o k e n

B r o k e n _ p a t c h y _ c o l o r a t i o n

P
P r i s t i n e _ ( p a t c h y _ c o l o r a t i o n )

R o o t _ m i n i m a l l y _ a b r a d e d _ c r 0 w n _ p a t c h y _ c o l o r a t i o n

P r i s t i n e _ ( c r 0 w n _ t i p _ b r 0 k e n )

R o o t _ a b r a d e d _ w / _ c o l o r a t i o n

B r o k e n
B r o k e n _ p a t c h y _ c o l o r a t i o n

O
‘
A
—
‘
O
O
Q
O

c h i

d f

N
O
O
O
-
h
U
I
O

c h i

~
\
O
O
'
-
‘
N
O
\
O

6 . 7 5
2 . 2 5

0 . 3 7 5
0 . 3 7 5

4 . 8 7 5
3 . 3 7 5

0 . 3 1 8 6

4 . 1 2 5

1 . 3 7 5
0 . 2 2 9
0 . 2 2 9
2 . 9 7 9
2 . 0 6 3

0 . 1 2 4 5

7 . 1 2 5
2 . 3 7 5

0 . 3 9 6
0 . 3 9 6
5 . 1 4 6
3 . 5 6 3

 

  
 

  
 

 

F r o m P A S T

N 1 1 8

N 2 1 8

d f 5

c h i s q 5 . 8 7 4 6

p ( s a m e ) 0 . 3 1 8 6 1

M o n t e C a r l o p ( s a m e ) 0 . 2 7 4 3

F r o m P A S T

N 1 1 1

N 2 1 1

d f 5

c h i s q 8 . 6 3 5 9

p ( s a m e ) 0 . 1 2 4 5

M o n t e C a r l o p ( s a m e ) 0 . 1 0 6 5

F r o m P A S T

N 1 1 9

N 2 1 9

d f 5

c h i s q 6 . 2 8 4 1

p ( s a m e ) 0 . 2 7 9 5 4

M o n t e C a r l o p ( s a m e ) 0 . 2 5 7 5   

A p p e n d i x E : P A S T r e s u l t s o f X z - t e s t o f P r e l i m i n a r y C h a r a c t e r i z a t i o n S c a l e ( O b s e r v e d

v e r s u s E x p e c t e d ) .

2 4 8

 

 



W o o d h a w k ( W H )

e r r o r i n C H S O N E - b a d e x p e c t e d n u m b e r

A

P r i s t i n e

A l m o s t _ p r i s t i n e _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

P r i s t i n e _ b u t _ c r o w n _ t i p _ b r o k e n

R 0 0 t _ m i n i m a 1 l y _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

R 0 0 t _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

B r o k e n _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

L

P r i s t i n e

A l m o s t _ p r i s t i n e _ m a y _ _ h a v e _ p a t c h y _ c 0 1 0 r a t i o n

P r i s t i n e _ b u t _ c r o w n _ t i p _ b r 0 k e n

R o o t _ m i n i m a l l y _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

R 0 0 t _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

B r o k e n _ m a y _ _ h a v e _ p a t c h y _ c o l o r a t i 0 n

P

P r i s t i n e

A l m o s t _ p r i s t i n e _ m a y _ h a v e _ p a t c h y _ c o l o r a t i 0 n

P r i s t i n e _ b u t _ c r o w n _ t i p _ b r o k e n

R 0 0 t _ m i n i m a 1 l y _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i 0 n

R o o t _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

B r o k e n _ m a y _ h a v e _ p a t c h y _ c o l o r a t i 0 n

1
.
1
1
5
.
1
1
2
.
1
5
c
h

c h i

0
°
C

O
N
H
O
O

c h i

( i f

:
c

O
r
-
‘
N

O

c h i

d f

1 0 . 1 2 7

2 . 0 9 5

1 . 3 9 7

1 . 0 4 8

7 . 3 3 3

0 . 2 2 8 9

7 . 8 2 5

1 . 6 1 9

1 . 0 7 9

0 . 8 1

5 . 6 6 7

0 . 4 9 8 4

1 1 . 0 4 8

2 . 2 8 6

1 . 5 2 4

1 . 1 4 3

0 . 7 6 1 6

 

F r o m P A S T

N 1 2 2

N 2 2 2

d f 4

c h i s q 5 . 6 2 5 4

p ( s a m e ) 0 . 2 2 8 9

M o n t e C a r l o p ( s a m e ) 0 . 2 1 2 1  
 

F r o m P A S T

N 1 1 7

N 2 1 7

( i f 4

c h i s q 3 . 3 6 6 7

p ( s a m e ) 0 . 4 9 8 4 M o n t e C a r l o p ( s a m e ) 0 . 4 7 4 7
 

 

 

F r o m P A S T

N 1 2 4

N 2 2 4

d f 4

c h i s q 1 . 8 5 9 2

p ( s a m e ) 0 . 7 6 1 6

M o n t e C a r l o p ( s a m e ) 0 . 7 7 1
 

A p p e n d i x E c o n t i n u e d : P A S T r e s u l t s o f X z - t e s t o f P r e l i m i n a r y T a p h o n o m i c

C h a r a c t e r i z a t i o n A d d e n d u m ( O b s e r v e d v e r s u s E x p e c t e d ) f o r W H .

2 4 9

 

 

 



P o w e r P l a n t F e r r y ( P P F )

e r r o r i n C H S O N E - h a d e x p e c t e d n u m b e r

A

P r i s t i n e
A l m o s t _ p r i s t i n e _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

P r i s t i n e _ b u t _ c r 0 w n _ t i p _ b r o k e n

R 0 0 t _ m i n i m a 1 l y _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

R 0 0 t _ _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

B r o k e n _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

L
P r i s t i n e

A l m o s t _ p r i s t i n e _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

P r i s t i n e _ b u t _ c r 0 w n _ t i p _ b r o k e n

R o o t _ m i n i m a l 1 y _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i 0 n

R 0 0 t _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

B r o k e n _ m a y _ h a v e _ _ p a t c h y _ c o l o r a t i o n

P

P r i s t i n e

A l m o s t _ p r i s t i n e _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

P r i s t i n e _ b u t _ c r 0 w n _ t i p _ b r 0 k c n

R o o t _ m i n i m a l l y _ _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i 0 n

R o o t _ _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c 0 1 o r a t i o n

B r o k e n _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

A p p e n d i x E c o n t i n u e d : P A S T r e s u l t s o f X z - t e s t o f P r e l i m i n a r y T a p h o n o m i c

©
~
O
-
M
O

D
J
O
O
O
O
U
J
O

c h i

d f

3 . 2 3 8

0 . 4 0 5
0 . 8 1

0 . 8 1

0 . 8 1
1 0 . 9 2 9

0 . 6 8 8 8

3 . 6 1 9
0 . 4 5 2

0 . 9 0 5

0 . 9 0 5

0 . 9 0 5
1 2 . 2 1 4

0 . 3 0 1 3

c
1 . 1 4 3

0 . 1 4 3
0 . 2 8 6

0 . 2 8 6
0 . 2 8 6
3 . 8 5 7

0 . 5 1 9 8

5

 

F r o m P A S T

N 1 1 7

N 2 1 7

d f 5

c h i s q 3 . 0 7 3

p ( s a m e ) 0 . 6 8 9 M o n t e C a r l o p ( s a m e ) 0 . 6 6 6
 

 

  
 

 

F r o m P A S T

N 1 1 9

N 2 1 9

d f 5

c h i s q 6 . 0 5 1

p ( s a m e ) 0 . 3 0 1

M o n t e C a r l o p ( s a m e ) 0 . 2 8 1

F r o m P A S T

N 1 6

N 2 6

( I f 5

c h i s q 4 . 2 0 8

p ( s a m e ) 0 . 5 2

M o n t e C a r l o p ( s a m e ) 0 . 3 5 5
 

C h a r a c t e r i z a t i o n A d d e n d u m ( O b s e r v e d v e r s u s E x p e c t e d ) f o r P P F .

2 5 0

 

 

 



A P P E N D I X F

P A S T R E S U L T S O F X z - T E S T O F W H V E R S U S P P F

2 5 1



O n e c o n s t r a i n t

T W H P P F F r o m P A S T

P r i s t i n e

A l m o s t _ p r i s t i n e _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

P r i s t i n e _ b u t _ c r o w n _ t i p _ b r o k e n

R 0 0 t _ m i n i m a l 1 y _ a b r a d e d _ m a y _ _ h a v e _ p a t c h y _ c o l o r a t i o n

R o o t _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

B r o k e n _ m a y _ h a v e _ p a t c h y _ _ c o l o r a t i 0 n

A

P r i s t i n e

A l m o s t _ p r i s t i n e _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

P r i s t i n e _ b u t _ c r o w n _ t i p _ b r o k e n

R o o t _ m i n i m a l l y _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i 0 n

R o o t _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i 0 n

B r o k e n _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

L

P r i s t i n e

A l m o s t _ p r i s t i n e _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

P r i s t i n e _ b u t _ c r o w n _ t i p _ b r o k e n

R 0 0 t _ m i n i m a 1 1 y _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

R 0 0 t _ _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c o l o r a t i o n

B r o k e n _ m a y _ h a v e _ p a t c h y _ c 0 1 o r a t i o n

P

P r i s t i n e

A l m o s t _ p r i s t i n e _ m a y _ h a v e _ p a t c h y _ c o l o r a t i 0 n

P r i s t i n e _ b u t _ c r o w n _ t i p _ b r 0 k e n

R 0 0 t _ m i n i m a l l y _ a b r a d e d _ _ m a y _ h a v e _ p a t c h y _ c o l o r a t i 0 n

R 0 0 t _ a b r a d e d _ m a y _ h a v e _ p a t c h y _ c 0 1 0 r a t i o n
B r o k e n _ m a y _ _ h a v e _ p a t c h y _ c o l o r a t i o n

0 8

2 9 1

6 2

4 2

3 2
2 1 2 7

W H P P F

0 5

8 1

4 l

3 O

2 1

5 9

W I - I P P F

0 0

1 0 0

0 l

0 2

1 1

6 1 5

W H P P F

0 3

1 1 0

2 0

1 0

0 0
1 0 3

A p p e n d i x F : P A S T r e s u l t s o f X z - t e s t o f W H v e r s u s P P F .

2 5 2

 

  
 

  
 

  
 

 

N 1 6 3

N 2 4 2

d f 5

c h i s q 3 4 . 9 4 8

p ( s a m e ) 1 . 5 4 1 E - 0 6

M o n t e C a r l o p ( s a m e ) < 0 . 0 0 0 1

N 1 2 2

N 2 1 7

d f 5

c h i s q 1 6 . 3 4 8

p ( s a m e ) 0 . 0 0 5 9 1 6 9

M o n t e C a r l o p ( s a m e ) 0 . 0 0 1 4

N 1 1 7

N 2 1 9

d f 4

c h i s q 1 6 . 7 9 8

p ( s a m e ) 0 . 0 0 2 1 1 5 8
M o n t e C a r l o p ( s a m e ) 0 . 0 0 0 1

N 1 2 4

N 2 6

d f 4

c h i s q 1 5 . 5 7 7

p ( s a m e ) 0 . 0 0 3 6 4 2 7

M o n t e C a r l o p ( s a m e L 0 . 0 0 2 6
 

 

 

 

 



A P P E N D I X G

T E E T H O F M O D E R N C A R C H A R I A S T A U R U S A N D R H I N O P T E R A

B O N A S U S ( T A P H O N O M Y S E R I E S )

2 5 3



 
2 5 0 A 1 1 i n g . j p g 3 0 0 A l l i n g . j p g 3 5 0 A l l i n g . j p g

  
4 0 0 A 1 1 i n g . j p g 4 5 0 A 1 1 i n g . j p g 5 0 0 A 1 1 i n g . j p g

A p p e n d i x G : T a p h o n o m y S e r i e s o f t e e t h .

2 5 4



  
6 0 0 A l l i n g . j p g 6 5 0 A 1 1 i n g - i p 8

 

7 0 0 A 1 1 i n g . j p g 7 5 0 A l l i n g . j p g 8 0 0 A 1 1 i n g . j p g

 

8 5 0 A l l i n g . j p g 9 0 0 A 1 l i n g . j p g 9 5 0 A l l i n g . j p g

 

l O O O A l l i n g . j p g 1 0 5 0 A l l i n g - 1 P 8

A p p e n d i x G c o n t i n u e d .

2 5 5



— -

t W

 
4 0 0 A 1 l a b . j p g 4 5 0 A l l a b . j p g S O O A l l a b . j p g

A p p e n d i x G c o n t i n u e d .

2 5 6



 
7 0 0 A l l a b . j p g 7 5 0 A l l a b . j p g 8 0 0 A l l a b . j p g

 

8 5 0 A 1 1 a b . j p g 9 0 0 A l l a b . j p g 9 5 0 A 1 1 a b . j p g

 

l O O O A l l a b . j p g 1 0 5 0 A 1 1 a b - j p 8

A p p e n d i x G c o n t i n u e d .

2 5 7



 
3 0 0 A 2 1 1 n g . j p g 3 5 0 A 2 1 i n g . j p g 4 0 0 A 2 1 i n g . j p g

 

4 5 0 A 2 1 i n g . j p g 5 0 0 A 2 1 i n g . j p g 5 5 0 A 2 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

2 5 8



 
7 5 0 A 2 1 i n g . j p g 8 0 0 A 2 1 1 n g . j p g 8 5 0 A 2 1 1 n g . j p g

 

9 5 0 A 2 1 i n g . j p g 1 0 0 0 A 2 1 i n g - j p 8

 

1 0 5 0 A 2 1 1 n g . j p g

A p p e n d i x G c o n t i n u e d .

2 5 9



;
2

. I
I M
I I
I I

: ‘

, 1

111
1

1
I I
I

 

0 A 2 l a b . j p g 5 0 A 2 1 a b . j p g 1 0 0 A 2 1 a b . j p g

 
4 5 0 A 2 1 a b . j p g 5 0 0 A 2 1 a b . j p g 5 5 0 A 2 1 a b . j p g

A p p e n d i x G c o n t i n u e d .

2 6 0



 

6 0 0 A 2 1 a b . j p g 6 5 0 A 2 1 a b . j p g 7 0 0 A 2 1 a b . j p g

 

7 5 0 A 2 1 3 b . j p g 8 0 0 A 2 1 a b . j p g 8 5 0 A 2 1 a b . j p g

 

9 5 0 A 2 1 a b . j p g 1 0 0 0 A 2 1 a b . j p g

 

1 0 5 0 A 2 1 a b . j p g

2 6 1



 

0 A 3 l i n g . j p g 5 0 A 3 l i n g . j p g 1 0 0 A 3 l i n g . j p g

 
3 0 0 A 3 1 i n g . j p g 3 5 0 A 3 1 i n g . j p g 4 0 0 A 3 l i n g . j p g

 

4 5 0 A 3 l i n g . j p g 5 0 0 A 3 l i n g . j p g 5 5 0 A 3 l i n g . j p g

A p p e n d i x G c o n t i n u e d .

2 6 2



 

6 0 0 A 3 I i n g . j p g 6 5 0 A 3 l i n g . j p g 7 0 0 A 3 l i n g . j p g

 

7 5 0 A 3 1 i n g . j p g 8 0 0 A 3 1 i n g . j p g 8 5 0 A 3 1 i n g . j p g

 

9 0 0 A 3 l i n g . j p g 9 5 0 A 3 l i n g . j p g 1 0 0 0 A 3 1 i n g . j p g

 

1 0 5 0 A 3 l i n g . j p g

A p p e n d i x G c o n t i n u e d .

2 6 3



V
1 1 1
1 1

‘ E -

1 1 1 1
'F
m"

 

1 0 0 A 3 l a b . j p g

 
5 5 0 A 3 l a b . j p g4 5 0 A 3 1 a b . j p g 5 0 0 A 3 1 a b 1 ' p g

A p p e n d i x G c o n t i n u e d .

2 6 4



 
7 5 0 A 3 l a b . j p g 8 0 0 A 3 1 a b . j p g 8 5 0 A 3 1 a b . j p g

 

9 5 0 A 3 1 a b . j p g 1 0 0 0 A 3 l a b - j p 3

 

1 0 5 0 A 3 l a b . j p g

A p p e n d i x G c o n t i n u e d .

2 6 5



 

0 A 4 r 0 0 t . j p g 5 0 A 4 r o o t . j p g 1 0 0 A 4 r o o t . j p g

 

1 5 0 A 4 r o o t . j p g 2 0 0 A 4 r o o t . j p g 2 5 0 A 4 r 0 0 t . j p g

 
4 5 0 A 4 r o o t . j p g 5 0 0 A 4 r 0 0 t . j p g 5 5 0 A 4 r 0 0 t . j p g

A p p e n d i x G c o n t i n u e d .

2 6 6



g i m i y m m n g

111:
:

Q U I I I I N I L Q L I D

: H l
l m l
m 

7 5 0 A 4 r 0 0 t . j p g

  
   

  

I
N
D

. ‘ m
u l w
m .

I

 

9 0 0 A 4 r o o t . j p g 9 5 0 A 4 r o o t . j p g 1 0 0 0 A 4 r o o t . j p g

 

1 0 5 0 A 4 r o o t . j p g

2 6 7



 

0 A 4 s i d e . j p g 5 0 A 4 s i d e . j p g 1 0 0 A 4 s i d e . j p g

 
3 0 0 A 4 s i d e . j p g 3 5 0 A 4 s i d e . j p g 4 0 0 A 4 s i d e . j p g

 

4 5 0 A 4 s i d e . j p g 5 0 0 A 4 s i d e . j p g 5 5 0 A 4 s i d e . j p g

A p p e n d i x G c o n t i n u e d .

2 6 8



 

6 0 0 A 4 s i d e . j p g 6 5 0 A 4 s i d e . j p g 7 0 0 A 4 s i d e . j p g

 

7 5 0 A 4 s i d e . j p g 8 0 0 A 4 s i d e . j p g 8 5 0 A 4 s i d e . j p g

 

9 0 0 A 4 s i d e . j p g 9 5 0 A 4 s i d e . j p g 1 0 0 0 A 4 s i d e . j p g

 

1 0 5 0 A 4 s i d e . j p g

A p p e n d i x G c o n t i n u e d .

2 6 9



 

0 B 1 l i n g . j p g 5 0 B 1 l i n g . j p g I O O B l 1 i n g . j p g

 
4 5 0 B 1 1 i n g . j p g 5 0 0 B 1 1 i n g . j p g 5 5 0 B 1 l i n g . j p g

A p p e n d i x G c o n t i n u e d .

2 7 0



 
8 0 0 B l l i n g . j p g 8 5 0 8 1 1 i n g - j p g

8

!

9 0 0 B 1 1 i n g . j p g 9 5 0 1 3 1 1 1 n g . j p g 1 0 0 0 1 3 1 1 1 2 1 2 . n g

  

 

1 0 5 0 B 1 l i n g . j p g

A p p e n d i x G c o n t i n u e d .

2 7 1



 

0 B l l a b . j p g S O B l l a b . j p g 1 0 0 B 1 1 a b . j p g

 

l S O B l l a b . j p g Z O O B l l a b . j p g 2 5 0 B l l a b . j p g

 
4 5 0 B 1 1 a b . j p g S O O B l l a b . j p g 5 5 0 B 1 1 a b . j p g

A p p e n d i x G c o n t i n u e d .

2 7 2



 

6 0 0 B 1 1 a b . j p g 6 5 0 B 1 l a b . j p g 7 0 0 B 1 l a b . j p g

 

7 5 0 8 1 l a b . j p g 8 0 0 B 1 1 a b . j p g 8 5 0 B 1 l a b . j p g

   - . -_ ‘
9 0 0 B 1 l a b . j p g 9 5 0 3 1 1 3 0 n g 1 0 0 0 B 1 l a b . j p g

 

1 0 5 0 B 1 1 a b . j p g

A p p e n d i x G c o n t i n u e d .

2 7 3



 
l S O B Z l i n g . j p g 2 0 0 3 2 1 1 n g . j p g 2 5 0 8 2 1 i n g . j p g

 

3 0 0 B 2 1 1 n g . j p g 3 5 0 B 2 1 i n g . j p g 4 0 0 B 2 1 1 ' n g . j p g

 

4 5 0 B 2 1 i n g . j p g S O O B Z I i n g . j p g 5 5 0 B 2 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

2 7 4



 

6 0 0 B 2 1 i n g . j p g

 

7 5 0 B 2 1 1 n g . j p g

 

9 0 0 B 2 1 1 n g . j p g

 

1 0 5 0 B 2 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

8 0 0 B 2 1 i n g . j p g

9 5 0 B 2 1 i n g . j p g

2 7 5

1 0 0 0 B 2 1 i n g . j p g



 
1 5 0 B 2 | a b . j p g Z O O B Z I a b j p g 2 5 0 B 2 1 a b . j p g

 
4 5 0 B 2 1 a b . j p g 5 0 0 8 2 1 a b . j p g 5 5 0 1 3 2 1 a b . j p g

A p p e n d i x G c o n t i n u e d .

2 7 6



 

6 O O B Z I a b . j p g 6 5 0 8 2 1 a b . j p g 7 O O B Z l a b . j p g

 

7 5 0 B 2 1 a b . j p g 8 0 0 B 2 1 a b . j p g 8 5 0 B 2 1 a b . j p g

 

9 5 0 B 2 1 a b . j p g 1 0 0 0 B 2 l a b - j p g

 

1 0 5 0 B 2 1 1 1 b . j p g

A p p e n d i x G c o n t i n u e d .

2 7 7



 

O B 3 l i n g . j p g 5 0 B 3 l i n g . j p g 1 0 0 B 3 1 i n g . j p g

 
3 0 0 B 3 1 i n g . j p g 3 5 0 B 3 1 i n g . j p g 4 O O B 3 l i n g . j p g

 

4 5 0 8 3 1 i n g . j p g 5 0 0 B 3 l i n g . j p g 5 5 0 B 3 l i n g . j p g

A p p e n d i x G c o n t i n u e d .

2 7 8



 
9 0 0 B 3 1 i n g . j p g 9 5 0 8 3 1 i n g . j p g 1 0 0 0 B 3 i n g . j p g

 

1 0 5 0 B 3 l i n g . j p g

A p p e n d i x G c o n t i n u e d .

2 7 9



A

 

E a
: E :
‘ r ' 5 7 ?

O B 3 l a b . j p g 5 0 8 3 1 a b . j p g 1 0 0 B 3 1 a b . j p g

 
4 5 0 B 3 l a b . j p g 5 0 0 8 3 1 a b . j p g 5 5 0 B 3 l a b . j p g

A p p e n d i x G c o n t i n u e d .

2 8 0



 
8 0 0 B 3 l a b . j p g 8 5 0 B 3 l a b - j p g

    9 5 0 B 3 1 a b . j p g l O O O B B l a b J p g

 

1 0 5 0 B 3 l a b . j p g

A p p e n d i x G c o n t i n u e d .

2 8 1



 

0 B 4 r o o t . j p g 5 0 B 4 r o o t . j p g 1 0 0 B 4 r o o t . j p g

 

1 5 0 B 4 r o o t . j p g 2 0 0 B 4 r o o t . j p g Z S O B 4 r o o t . j p g

 
4 5 0 B 4 r o o t . j p g 5 0 0 B 4 r o o t . j p g 5 5 0 B 4 r o o t . j p g

A p p e n d i x G c o n t i n u e d .

2 8 2



 
8 O O B 4 r o o t . j p g 8 5 0 B 4 r o o t . j p g

   

  

!
m a
n i

H H I
I H

 

IHI
IHI

l
c l I

HM
!

9 5 0 B 4 r o o t . j p g l O O O B 4 r o o t . j p g

  

I O S O B 4 r o o t . j p g

A p p e n d i x G c o n t i n u e d .

2 8 3



 

0 B 4 5 i d e . j p g S O B 4 s i d e . j p g 1 0 0 B 4 s i d e . j p g

 

1 5 0 3 4 5 i d e . j p g Z O O B 4 s i d e . j p g 2 5 0 B 4 s i d e . j p g

 

3 0 0 B 4 s i d e . j p g 3 5 0 B 4 s i d e . j p g 4 0 0 B 4 s i d e . j p g

 

4 5 0 B 4 s i d e . j p g 5 0 0 B 4 s i d e . j p g 5 5 0 3 4 s i d e . j p g

A p p e n d i x G c o n t i n u e d .

2 8 4



 

- ‘

N )

6 0 0 B 4 s i d e . j p g

9 0 0 B 4 s i d e . j p g

 

1 0 5 0 B 4 s i d e . j p g

A p p e n d i x G c o n t i n u e d .

9 5 0 B 4 s i d e . j p g

2 8 5

7 0 0 B 4 $ i d e . j p g

 
l O O O B 4 s i d e . j p g



5 0 C l l i n g . j p g 1 0 0 C 1 l i n g - j p g

2 0 0 C l l i n g . j p g 2 5 0 C l l i n g - j p g

 
3 0 0 C l l i n g . j p g 3 5 0 C 1 l i n g . j p g 4 0 0 C l l i n g . j p g

 

4 5 0 C 1 l i n g . j p g 5 0 0 C 1 l i n g . j p g 5 5 0 C 1 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

2 8 6



 
9 0 0 C 1 1 i n g . j p g 9 5 0 C l l i n g j p g 1 0 0 0 C 1 l i n g . j p g

 

l O S O C l l i n g . j p g

A p p e n d i x G c o n t i n u e d .

2 8 7



 
1 5 0 C l l a b . j p g 2 0 0 C 1 l a b . j p g 2 5 0 C 1 1 a b . j p g

 

3 0 0 C ] l a b . j p g 3 5 0 C 1 l a b . j p g 4 0 0 C 1 l a b . j p g

 

4 5 0 C ] l a b . j p g 5 0 0 C 1 l a b . j p g 5 5 0 C 1 l a b . j p g

A p p e n d i x G c o n t i n u e d .

2 8 8



 
7 5 0 C 1 1 a b . j p g 8 0 0 C 1 l a b . j p g 8 5 0 C 1 l a b . j p g

 

9 0 0 C 1 l a b . j p g 9 5 0 C 1 l a b . j p g 1 0 0 0 C l l a b . j p g

 

l O S O C l l a b . j p g

A p p e n d i x G c o n t i n u e d .

2 8 9



 
9 0 0 C 2 1 i n g . j p g 9 5 0 C 2 1 i n g . j p g 1 0 0 0 C 2 1 i n g . j p g

 

l O S O C 2 ] i n g . j p g

A p p e n d i x G c o n t i n u e d .

2 9 0



 
7 5 0 C 2 1 i n g . j p g 8 0 0 C 2 1 i n g . j p g 8 5 0 C 2 1 i n g . j p g

 

9 0 0 C 2 1 i n g . j p g 9 5 0 C 2 1 i n g . j p g 1 0 0 0 C 2 1 i n g . j p g

 

1 0 5 0 C 2 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

2 9 1



 

s o c z i a b . j p g 1 0 0 C 2 1 a b - j p g

 
4 5 0 C 2 1 a b . j p g 5 0 0 C 2 1 a b . j p g 5 5 0 C 2 1 a b J p g

A p p e n d i x G c o n t i n u e d .

2 9 2



 
9 0 0 C 2 | a b . j p g 9 5 0 C 2 1 a b . j p g 1 0 0 0 C 2 1 a b . j p g

 

1 0 5 0 C 2 | a b . j p g

A p p e n d i x G c o n t i n u e d .

2 9 3



 
4 5 0 C 3 1 i n g . j p g 5 0 0 C 3 l i n g . j p g 5 0 0 C 3 l i n g b r o k e n . j p g

A p p e n d i x G c o n t i n u e d .

2 9 4



' 5 .

 

5 5 0 C 3 l i n g . j p g 6 0 0 C 3 1 i n g . j p g 6 5 0 C 3 1 i n g . j p g

 
8 5 0 C 3 1 i n g . j p g 9 0 0 C 3 1 i n g . j p g 9 5 0 C 3 1 i n g . j p g

 

1 0 0 0 C 3 l i n g . j p g 1 0 5 0 C 3 l i n g - j P 8

A p p e n d i x G c o n t i n u e d .

2 9 5



 

0 C 3 l a b . j p g

 
3 0 0 C 3 l a b . j p g

: 2 .
fi n k

3 5 0 C 3 1 a b . j p g 4 0 0 c 3 l a b . j p g

4.
1

.I
I'

M

 

4 5 0 C 3 l a b . j p g

A p p e n d i x G c o n t i n u e d .

5 0 0 C 3 l a b . j p g 5 5 0 C 3 1 a b - j p g

2 9 6



 

6 0 0 C 3 l a b . j p g 6 5 0 C 3 1 a b . j p g 7 0 0 C 3 l a b . j p g

 
9 0 0 C 3 1 a b . j p g 9 5 0 C 3 l a b . j p g 1 0 0 0 C 3 1 a b . j p g

 

1 0 5 0 C 3 l a b . j p g

A p p e n d i x G c o n t i n u e d .

2 9 7



 

0 C 4 r o o t . j p g 5 0 C 4 r o o t . j p g 1 0 0 C 4 r o o t . j p g

 

1 5 0 C 4 r o o t . j p g 2 0 0 C 4 r o o t . j p g 2 5 0 C 4 r o o t . j p g

 

3 0 0 C 4 r o o t . j p g 3 5 0 C 4 r o o t . j p g 4 0 0 C 4 r o o t . j p g

 

4 5 0 C 4 r o o t . j p g 5 0 0 C 4 r o o t . j p g 5 5 0 C 4 r o o t . j p g

A p p e n d i x G c o n t i n u e d .

2 9 8



" H u m

 
7 5 0 C 4 r o o t . j p g 8 0 0 C 4 r 0 0 t . j p g 8 5 0 C 4 r o o t . j p g

 

   1 \
11
11
mm  

|
N
O

I i |  H

  

“I  {1i i

    

9 5 0 C 4 r o o t . j p g 1 0 0 0 C 4 F 0 0 t - j P 8

 

1 0 5 0 C 4 r o o t . j p g

A p p e n d i x G c o n t i n u e d .

2 9 9



 

0 C 4 s i d e . j p g 5 0 C 4 s i d e . j p g

 

1 5 0 C 4 s i d e . j p g 2 0 0 C 4 s i d e - j p g

3 5 0 C 4 s i d e . j p g

4 5 0 C 4 s i d e . j p g 5 0 0 C 4 s i d e . j p g

A p p e n d i x G c o n t i n u e d .

3 0 0

 

2 5 0 C 4 s i d e . j p g

5 5 0 C 4 s i d e . j p g



 

6 0 0 C 4 s i d e . j p g 6 5 0 C 4 s i d e . j p g 7 0 0 C 4 s i d e . j p g

 

7 5 0 C 4 s i d e . j p g 8 0 0 C 4 s i d e . j p g 8 5 0 C 4 s i d e . j p g

 

9 0 0 C 4 s i d e . j p g 9 5 0 C 4 s i d e . j p g 1 0 0 0 C 4 s i d e . j p g

 

1 0 5 0 C 4 s i d e . j p g

A p p e n d i x G c o n t i n u e d .

3 0 1



 

O D l l i n g . j p g 5 0 D 1 1 i n g . j p g 1 0 0 D ] l i n g . j p g

 

1 5 0 D l l i n g . j p g 2 0 0 D ] l i n g . j p g 2 5 0 D l l i n g . j p g

 

3 0 0 D 1 1 i n g . j p g 3 5 0 D l l i n g . j p g 4 0 0 D l l i n g . j p g

 

4 5 0 D l l i n g . j p g 5 0 0 D l l i n g . j p g 5 5 0 D l l i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 0 2



 
9 0 0 D ] l i n g . j p g 9 5 0 D l 1 i n g . j p g l O O O D l l i n g . j p g

 

1 0 5 0 D 1 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 0 3



2 5 0 D l l a b . j p g

 
4 5 0 D l l a b . j p g 5 0 0 D l l a b . j p g 5 5 0 D l l a b . j p g

A p p e n d i x G c o n t i n u e d .

3 0 4



 

6 0 0 D l l a b . j p g 6 5 0 D 1 l a b . j p g 7 0 0 D l l a b . j p g

 

7 5 0 D 1 1 a b . j p g 8 0 0 D l l a b . j p g 8 5 0 D 1 1 a b . j p g

 

9 5 0 D l l a b . j p g l O O O D l l a b - j p g

 

1 0 5 0 D l l a b . j p g

A p p e n d i x G c o n t i n u e d .

3 0 5



 

O D 2 1 i n g . j p g 5 0 D 2 1 i n g . j p g 1 0 0 D 2 1 i n g . j p g

 

1 5 0 D 2 1 i n g . j p g 2 0 0 D 2 1 i n g . j p g 2 5 0 D 2 1 i n g . j p g

 
4 5 0 D 2 1 i n g . j p g 5 0 0 D 2 1 i n g . j p g 5 5 0 D 2 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 0 6



 

6 0 0 D 2 1 i n g . j p g 6 5 0 D 2 1 i n g . j p g 7 0 0 D 2 1 i n g . j p g

 

7 5 0 D 2 1 i n g . j p g 8 0 0 D 2 1 i n g . j p g 8 5 0 D 2 1 i n g . j p g

 

9 0 0 D 2 1 i n g . j p g 9 5 0 D 2 1 i n g . j p g 1 0 0 0 D 2 1 i n g . j p g

 

1 0 5 0 D 2 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 0 7



 

0 D 2 1 a b . j p g 5 0 D 2 1 3 b . j p g 1 0 0 D 2 1 a b . j p g

 

1 5 0 D 2 1 a b . j p g 2 0 0 D 2 1 3 b . j p g 2 5 0 D 2 1 a b . j p g

 
4 5 0 D 2 1 a b . j p g 5 0 0 D 2 1 a b . j p g 5 5 0 D 2 1 a b . j p g

A p p e n d i x G c o n t i n u e d .

3 0 8



 
7 5 0 D 2 | a b . j p g 8 0 0 0 2 1 a b . j p g 8 5 0 D 2 1 a b . j p g

 

9 0 0 D 2 1 3 b . j p g 9 5 0 D 2 1 a b . j p g 1 0 0 0 D 2 1 a b . j p g

 

1 0 5 0 D 2 1 a b . j p g

A p p e n d i x G c o n t i n u e d .

3 0 9



 

O D 3 1 i n g . j p g 5 0 D 3 l i n g . j p g 1 0 0 D 3 l i n g . j p g

 
3 0 0 D 3 1 i n g . j p g 3 5 0 D 3 l i n g . j p g 4 0 0 D 3 l i n g . j p g

 

4 5 0 D 3 l i n g . j p g 5 0 0 D 3 1 i n g . j p g 5 5 0 D 3 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 1 0



 
9 0 0 D 3 l i n g . j p g 9 5 0 D 3 l i n g . j p g 1 0 0 0 D 3 l i n g . j p g

 

1 0 5 0 D 3 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 1 1



 
1 5 0 D 3 1 a b . j p g 2 0 0 D 3 1 a b . j p g 2 5 0 D 3 l a b . j p g

 
4 5 0 D 3 l a b . j p g 5 0 0 D 3 l a b . j p g 5 5 0 D 3 l a b . j p g

A p p e n d i x G c o n t i n u e d .

3 1 2



 

6 0 0 D 3 l a b . j p g 6 5 0 D 3 1 a b . j p g 7 0 0 D 3 l a b . j p g

 
9 0 0 D 3 1 a b . j p g 9 5 0 D 3 l a b . j p g 1 0 0 0 D 3 l a b . j p g

 

1 0 5 0 D 3 l a b . j p g

A p p e n d i x G c o n t i n u e d .

3 1 3



 

0 D 4 r o o t . j p g 5 0 D 4 r o o t . j p g 1 0 0 D 4 r o o t . j p g

 

1 5 0 D 4 r o o t . j p g 2 0 0 D 4 r o o t . j p g 2 5 0 D 4 r o o t . j p g

 

3 0 0 D 4 r o o t . j p g 3 5 0 D 4 r o o t . j p g 4 0 0 D 4 r o o t . j p g

 

4 5 0 D 4 r 0 0 t . j p g 5 0 0 D 4 r o o t . j p g 5 5 0 D 4 r o o t . j p g

A p p e n d i x G c o n t i n u e d .

3 1 4



 
9 0 0 D 4 r o o t . j p g 9 5 0 D 4 r o o t . j p g 1 0 0 0 D 4 r o o t . j p g

 

1 0 5 0 D 4 r o o t . j p g

A p p e n d i x G c o n t i n u e d .

3 1 5



 

0 D 4 s i d e . j p g 5 0 D 4 s i d e . j p g 1 0 0 D 4 s i d e . j p g

 
3 0 0 D 4 s i d e . j p g 3 5 0 D 4 s i d e . j p g 4 0 0 D 4 s i d e . j p g

 

4 5 0 D 4 s i d e . j p g 5 0 0 D 4 s i d e . j p g 5 5 0 D 4 s i d e . j p g

A p p e n d i x G c o n t i n u e d .

3 1 6



 

6 0 0 D 4 s i d e . j p g 6 5 0 D 4 s i d e . j p g 7 0 0 D 4 s i d e . j p g

 

7 5 0 D 4 s i d e . j p g 8 0 0 D 4 s i d e . j p g 8 5 0 D 4 s i d e . j p g

 

9 5 0 D 4 s i d e . j p g 1 0 0 0 D 4 5 i d e - j p g

 

1 0 5 0 D 4 $ i d e . j p g

A p p e n d i x G c o n t i n u e d .

3 1 7



 

0 E 1 ] i n g . j p g 5 0 E l l i n g . j p g 1 0 0 E 1 1 i n g . j p g

 

1 5 0 E 1 1 i n g . j p g 2 0 0 E 1 1 i n g . j p g 2 5 0 E 1 1 i n g . j p g

       
3 0 0 E 1 1 i n g . j p g 3 5 0 E l l i n n g g

   
4 5 0 E 1 1 i n g . j p 8 5 0 0 E ] l i n g . j p g 5 5 0 E 1 1 i n g _ j p g

A p p e n d i x G c o n t i n u e d .

3 1 8



  
6 5 0 1 3 1 l i n g . j p g 7 0 0 1 3 1 1 n g 1 1 3 8

 

7 5 0 E 1 1 i n g . j p g 8 0 0 E l l i n g . j p g 8 5 0 E l l i n g . j p g

 

9 0 0 E 1 1 i n g . j p g 9 5 0 B 1 l i n g . j p g 1 0 0 0 B 1 l i n g . j p g

 

1 0 5 0 E l l i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 1 9



 
3 0 0 E 1 1 a b . j p g 3 5 0 E l l a b . j p g 4 0 0 E l l a b . j p g

 

4 5 0 E 1 1 a b . j p g 5 0 0 E l l a b . j p g 5 5 0 E 1 1 a b . j p g

A p p e n d i x G c o n t i n u e d .

3 2 0



 

6 0 0 E 1 l a b . j p g 6 5 0 E 1 l a b . j p g 7 0 0 E l l a b . j p g

 
9 0 0 E 1 l a b . j p g 9 5 0 B 1 l a b . j p g 1 0 0 0 E 1 l a b . j p g

 

1 0 5 0 E 1 1 a b . j p g

A p p e n d i x G c o n t i n u e d .

3 2 1



 

0 E 2 1 i n g . j p g 5 0 E 2 1 i n g . j p g 1 0 0 E 2 1 i n g . j p g

 

1 5 0 E 2 1 i n g . j p g 2 0 0 E 2 1 i n g . j p g 2 5 0 E 2 1 i n g . j p g

 
4 5 0 E 2 1 i n g . j p g 5 0 0 E 2 | i n g . j p g 5 5 0 E 2 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 2 2



  
6 0 0 E 2 1 i n g . j p g 6 5 0 E 2 1 i n g . j p g 7 0 0 E 2 1 i n g . j p g

 

7 5 0 E 2 1 i n g . j p g 8 0 0 E 2 1 i n g . j p g 8 5 0 E 2 1 i n g . j p g

 

9 0 0 E 2 1 i n g . j p g 9 5 0 E 2 1 i n g . j p g 1 0 0 0 E 2 1 i n g . j p g

 

1 0 5 0 E 2 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 2 3



 
4 5 0 E 2 1 a b . j p g S O O E Z I a b j p g 5 5 0 E 2 1 3 b . j p g

A p p e n d i x G c o n t i n u e d .

3 2 4



 
9 0 0 E 2 1 3 b . j p g 9 5 0 E 2 1 a b . j p g 1 0 0 0 E 2 1 a b . j p g

 

l O S O E Z l a b . j p g

A p p e n d i x G c o n t i n u e d .

3 2 5



 

0 E 3 H n g j p g 5 0 E 3 fi n g j p g 1 0 0 E 3 H n g j p g

 
4 5 0 E 3 l i n g . j p g 5 0 0 E 3 1 i n g . j p g 5 5 0 E 3 l i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 2 6



 

7 0 0 E 3 1 i . n g . j p g

 
9 0 0 E 3 l i n g . j p g 9 5 0 E 3 1 i n g - j p g

 

1 0 5 0 E 3 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 2 7

1 0 0 0 E 3 l i n g . j p g



  
4 5 0 E 3 1 a b . j p g 5 0 0 E 3 1 3 b . j p g 5 5 0 E 3 1 a b . j p g

A p p e n d i x G c o n t i n u e d .

3 2 8



  

7 5 0 E 3 l a b . j p g

  

1 0 5 0 E 3 1 a b . j p g

A p p e n d i x G c o n t i n u e d .

8 0 0 E 3 l a b . j p g

9 5 0 E 3 l a b . j p g

3 2 9

7 0 0 E 3 1 3 b . j p g

1 0 0 0 E 3 l a b . j p g



  
4 5 0 E 4 r o o t . j p g 5 0 0 E 4 r o o t . j p g 5 5 0 E 4 r o o t . j p g

A p p e n d i x G c o n t i n u e d .

3 3 0



 

6 0 0 E 4 r o o t . j p g 6 5 0 E 4 r o o t . j p g 7 0 0 E 4 r o o t . j p g

 
9 0 0 E 4 r o o t . j p g 9 5 0 E 4 r o o t . j p g 1 0 0 0 E 4 r o o t . j p g

 

1 0 5 0 E 4 r o o t . j p g

A p p e n d i x G c o n t i n u e d .

3 3 1



 

0 E 4 s i d e . j p g 5 0 E 4 s i d e . j p g 1 0 0 E 4 s i d e . j p g

 

1 5 0 E 4 s i d e . j p g 2 0 0 E 4 s i d e . j p g 2 5 0 E 4 s i d e . j p g

 

3 0 0 E 4 s i d e . j p g 3 5 0 E 4 s i d e . j p g 4 0 0 E 4 s i d e . j p g

 

4 5 0 E 4 s i d e . j p g 5 0 0 E 4 s i d e . j p g 5 5 0 E 4 s i d e . j p g

A p p e n d i x G c o n t i n u e d .

3 3 2



 

6 0 0 E 4 s i d e . j p g 6 5 0 E 4 s i d e . j p g 7 0 0 E 4 s i d e . j p g

 

7 5 0 E 4 s i d e . j p g 8 0 0 E 4 s i d e . j p g 8 5 0 E 4 s i d e . j p g

 

9 0 0 E 4 s i d e . j p g 9 5 0 E 4 s i d e . j p g 1 0 0 0 E 4 s i d e . j p g

 

1 0 5 0 E 4 s i d e . j p g

A p p e n d i x G c o n t i n u e d .

3 3 3  



 

O F l l i n g J P g S O F I l i n g . j p g l O O F l l i n g . j p g

 

I S O F l l i n g . j p g 2 0 0 F l l i n g . j p g 2 5 0 F l l i n g . j p g

 
4 5 0 F l l i n g . j p g 5 0 0 F l l i n g . j p g 5 5 0 F l l i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 3 4



 
9 0 0 F 1 l i n g . j p g 9 5 0 F l l i n g . j p g 1 0 0 0 F 1 1 i n g . j p g

 

1 0 5 0 F l l i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 3 5  



 

0 F 1 1 a b . j p g 5 0 F 1 1 a b . j p g 1 0 0 F 1 1 a b . j p g

n
o
;

 

1 5 0 F 1 1 a b . j p g 2 0 0 F 1 1 a b . j p g 2 5 0 F l l a b . j p g

 
4 5 0 F 1 1 a b . j p g 5 0 0 F l l a b . j p g 5 5 0 F 1 l a b . j p g

A p p e n d i x G c o n t i n u e d .

3 3 6



 
7 5 0 F l l a b . j p g 8 0 0 F l l a b . j p g 8 5 0 F l l a b . j p g

 

9 0 0 F l l a b . j p g 9 5 0 F l l a b . j p g 1 0 0 0 F 1 1 a b . j p g

 

1 0 5 0 F l l a b . j p g

A p p e n d i x G c o n t i n u e d .

3 3 7  



 

0 F 2 1 i n g . j p g 5 0 F 2 l i n g . j p g 1 0 0 F 2 1 i n g . j p g

 

1 5 0 F 2 1 i n . ' 2 0 0 F 2 | i n . j p 2 0 0 F 2 1 i n g b r o k e n . j p g8 . 1 1 9 8 8 S

 
4 0 0 F 2 1 i n g . j p g 4 5 0 F 2 1 i n g . j p g 5 0 0 F 2 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 3 8  



 

S S O F Z H n n g g 6 0 0 F 2 h n g j p g 6 5 0 F 2 fi n g j p g

  

8 5 0 F 2 1 i n g . j p g 9 0 0 F 2 1 i n g . j p g 9 5 0 F 2 l i n g . j p g

 

1 0 0 0 F 2 1 i n g . j p g 1 0 5 0 F 2 1 1 n g - j p 8

A p p e n d i x G c o n t i n u e d .

3 3 9



 

0 F 2 1 a b . j p g 5 0 F 2 1 a b . j p g 1 0 0 F 2 1 3 b . j p g

 

1 5 0 F 2 1 a b . j p g 2 0 0 F 2 1 a b . j p g 2 0 0 F 2 1 a b b r o k e n . j p g

 

2 5 0 F 2 1 a b . j p g 3 0 0 F 2 1 3 b . j p g 3 5 0 F 2 1 a b . j p g

 

4 0 0 F 2 1 a b . j p g 4 5 0 F 2 1 a b . j p g 5 0 0 F 2 1 a b . j p g

A p p e n d i x G c o n t i n u e d .

3 4 0  



 
7 0 0 F 2 1 a b . j p g 7 5 0 F 2 1 a b . j p g 8 0 0 F 2 1 a b . j p g

 

8 5 0 F 2 1 a b . j p g 9 0 0 F 2 1 a b . j p g 9 5 0 F 2 1 3 b . j p g

 

1 0 0 0 F 2 1 a b . j p g 1 0 5 0 F 2 1 a b - j p g

A p p e n d i x G c o n t i n u e d .

3 4 1



 

0 F 3 1 i n g . j p g 5 0 F 3 1 i n g . j p g 1 0 0 F 3 l i n g . j p g

 

1 5 0 F 3 l i n g . j p g 2 0 0 F 3 1 i n g . j p g 2 5 0 F 3 1 i n g . j p g

 
4 5 0 F 3 1 i n g . j p g 5 0 0 F 3 1 i n g . j p g 5 5 0 F 3 l i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 4 2



 

6 0 0 F 3 l i n g . j p g 6 5 0 F 3 1 i n g . j p g

 
9 0 0 F 3 1 i n g . j p g 9 5 0 F 3 1 i n g . j p g

 

1 0 5 0 F 3 1 i n g . j p g

A p p e n d i x G c o n t i n u e d .

3 4 3

1 0 0 0 F 3 1 i n g . j p g

 



 

 
3 0 0 F 3 l a b . j p g

 

4 5 0 F 3 l a b . j p g

A p p e n d i x G c o n t i n u e d .

5 0 F 3 l a b . j p g

5 0 0 F 3 l a b . j p g

3 4 4

4 0 0 F 3 1 a b . j p g

5 5 0 F 3 l a b . j p g

 



 

6 0 0 F 3 1 a b . j p g 6 5 0 F 3 1 a b . j p g 7 0 0 F 3 1 a b . j p g

 
9 0 0 F 3 1 a b . j p g 9 5 0 F 3 1 a b . j p g 1 0 0 0 F 3 l a b . j p g

 

1 0 5 0 F 3 l a b . j p g

A p p e n d i x G c o n t i n u e d .

3 4 5



 

O F 4 r o o t . j p g 5 0 F 4 r 0 0 L j P 8 1 0 0 F 4 r o o t . j p g

 

2 0 0 F 4 r o o t . j p g 2 5 0 F 4 r o o t - j p g  

  
 

3 5 0 F 4 r o o t . j p g 4 0 0 F 4 r o o t - j p g

N
O

mln
uin
imi
ii

F 1

 

i i i

 

4 5 0 F 4 r o o t . j p g 5 0 0 F 4 r o o t . j p g 5 5 0 F 4 r o o t . j p g

A p p e n d i x G c o n t i n u e d .

3 4 6  



 

7 0 0 F 4 r o o t . j p g

 
9 0 0 F 4 r o o t . j p g 9 5 0 F 4 r o o t . j p g

 

1 0 5 0 F 4 r o o t . j p g

A p p e n d i x G c o n t i n u e d .

3 4 7

1 0 0 0 F 4 r o o t . j p g



 

0 F 4 s i d e . j p g 5 0 F 4 s i d e . j p g 1 0 0 F 4 s i d e . j p g

 

1 5 0 F 4 s i d e . j p g 2 0 0 F 4 s i d e . j p g 2 5 0 F 4 s i d e . j p g

 

3 5 0 F 4 s i d e . j p g 4 0 0 F 4 s i d e - j p g  
4 5 0 F 4 s i d e . j p g 5 0 0 F 4 s i d e . j p g 5 5 0 F 4 s i d e . j p g

A p p e n d i x G c o n t i n u e d .

3 4 8  



 

6 0 0 F 4 s i d e . j p g 6 5 0 F 4 s i d e . j p g 7 0 0 F 4 s i d e . j p g

 

7 5 0 F 4 s i d e . j p g 8 0 0 F 4 s i d e . j p g 8 5 0 F 4 s i d e . j p g

 

9 0 0 F 4 s i d e . j p g 9 5 0 F 4 s i d e . j p g 1 0 0 0 F 4 s i d e . j p g

 

1 0 5 0 F 4 s i d e . j p g

A p p e n d i x G c o n t i n u e d .

3 4 9  



 
1 5 0 G l l i n g . j p g 2 0 0 G 1 1 i n g . j p g 2 5 0 G 1 1 i n g . j p g

 

3 5 0 G l l i n g . j p g 4 O O G l l i n g - j p g

E A .
4 5 0 G ] l i n g . j p g 5 0 0 G 1 1 i n g . j p g 5 5 0 G l l i n g . j p g

 
    

A p p e n d i x G c o n t i n u e d .

3 5 0  



 

6 0 0 6 1 1 i n g . j p g 6 5 0 6 1 1 i n g . j p g 7 0 0 G 1 l i n g . j p g

 

7 5 0 6 1 1 i n g . j p g 8 0 0 6 1 1 i n g . j p g 8 5 0 6 1 1 i n g . j p g

 

9 O O G l l i n g . j p g 9 5 0 6 1 1 i n g . j p g l O O O G l l i n g . j p g

 

1 0 5 0 6 1 1 i n g . j p g

A p p e n d i x 6 c o n t i n u e d .

3 5 1   



 

0 6 1 1 3 b . j p g

 

l S O G l l a b . j p g

 

3 O O G I I a b . j p g

 

4 5 0 6 1 1 a b . j p g

A p p e n d i x 6 c o n t i n u e d .

5 0 6 1 1 a b . j p g

2 0 0 6 1 l a b . j p g

5 0 0 6 1 1 3 b . j p g

3 5 2

l O O G l l a b . j p g

5 5 0 6 1 1 a b . j p g

 



 

 
9 0 0 6 1 1 a b . j p g 9 5 0 6 1 1 a b . j p g

 

l O S O G l l a b . j p g

A p p e n d i x 6 c o n t i n u e d .

3 5 3

7 O O G l l a b . j p g

l O O O G l l a b . j p g



 

0 6 2 1 i n g . j p g

 

1 5 0 6 2 1 i n g . j p g

4 5 0 6 2 1 i n g . j p g

A p p e n d i x 6 c o n t i n u e d .

5 0 6 2 1 i n g . j p g

5 0 0 6 2 1 i n g . j p g

3 5 4

4 0 0 6 2 1 i n g . j p g

 
5 5 0 6 2 1 i n g . j p g

  



 
9 0 0 6 2 1 i n g . j p g 9 5 0 6 2 1 i n g . j p g 1 0 0 0 6 2 1 i n g . j p g

 

1 0 5 0 6 2 1 i n g . j p g

A p p e n d i x 6 c o n t i n u e d .

3 5 5   



 

0 6 2 1 a b . j p g 5 0 6 2 1 a b . j p g 1 0 0 6 2 1 a b . j p g

 

1 5 0 6 2 1 a b . j p g 2 0 0 6 2 1 a b . j p g 2 5 0 6 2 1 a b . j p g

 
4 5 0 6 2 1 a b . j p g 5 0 0 6 2 1 a b . j p g 5 5 0 6 2 1 a b . j p g

A p p e n d i x 6 c o n t i n u e d .

3 5 6



 
7 5 0 6 2 1 3 b . j p g 8 0 0 6 2 1 a b . j p g 8 5 0 6 2 1 3 b . j p g

 

9 0 0 6 2 1 a b . j p g 9 5 0 6 2 1 a b . j p g 1 0 0 0 6 2 1 a b . j p g

 

l O S O G Z l a b . j p g

A p p e n d i x 6 c o n t i n u e d .

3 5 7   



 
1 5 0 6 3 1 i n g . j p g 2 0 0 6 3 l i n g . j p g 2 5 0 6 3 1 i n g . j p g

 

3 0 0 6 3 l i n g . j p g 3 5 0 6 3 ] i n g . j p g 4 0 0 6 3 l i n g . j p g

 

4 5 0 6 3 1 i n g . j p g 5 0 0 6 3 1 i n g . j p g 5 5 0 6 3 l i n g . j p g

A p p e n d i x 6 c o n t i n u e d .

3 5 8  



 

6 0 0 6 3 l i n g . j p g 6 5 0 6 3 l i n g . j p g 7 0 0 6 3 l i n g . j p g

  

9 0 0 6 3 1 i n g j p g 9 5 0 6 3 1 i n g . j p g 1 0 0 0 6 3 l i n g . j p g

 

1 0 5 0 6 3 1 i n g . j p g

A p p e n d i x 6 c o n t i n u e d .

3 5 9



 

0 6 3 1 a b . j p g 5 0 6 3 l a b . j p g 1 0 0 6 3 l a b . j p g

  

4 5 0 6 3 l a b . j p g 5 0 0 6 3 l a b . j p g 5 5 0 6 3 1 a b . j p g

A p p e n d i x 6 c o n t i n u e d .

3 6 0



 

1 0 5 0 6 3 1 a b . j p g

A p p e n d i x 6 c o n t i n u e d .

4 
9 5 0 6 3 1 a b . j p g 1 0 0 0 6 3 l a b . j p g

3 6 1  



 
l 5 0 6 4 r o o t . j p g 2 0 0 6 4 r o o t . j p g 2 5 0 6 4 r o o t . j p g

 

3 0 0 6 4 r o o t . j p g 3 5 0 6 4 r o o t . j p g 4 0 0 6 4 r o o t . j p g

 

4 5 0 6 4 r o o t . j p g 5 0 0 6 4 r o o t . j p g 5 5 0 6 4 r o o t . j p g

A p p e n d i x 6 c o n t i n u e d .

3 6 2  



 
9 0 0 6 4 1 ' o o t . j p g ~ 9 5 0 6 4 r o o t . j p g 1 0 0 0 6 4 r o o t . j p g

 

1 0 5 0 6 4 r o o t . j p g

A p p e n d i x 6 c o n t i n u e d .

3 6 3   



 

0 6 4 s i d e . j p g 5 0 6 4 s i d e . j p g 1 0 0 6 4 s i d e . j p g

 

1 5 0 6 4 s i d e . j p g 2 0 0 6 4 s i d e . j p g 2 5 0 6 4 s i d e . j p g

 

3 0 0 6 4 s i d e . j p g 3 5 0 6 4 s i d e . j p g 4 0 0 6 4 s i d e . j p g

 

4 5 0 6 4 s i d e . j p g 5 0 0 6 4 s i d e . j p g 5 5 0 6 4 s i d e . j p g

A p p e n d i x 6 c o n t i n u e d .

3 6 4   



 
9 0 0 6 4 s i d e . j p g 9 5 0 6 4 s i d e . j p g 1 0 0 0 6 4 s i d e . j p g

 

1 0 5 0 6 4 s i d e . j p g

A p p e n d i x 6 c o n t i n u e d .

3 6 5   



 

O H l l i n g . j p g 5 0 H l l i n g . j p g 1 0 0 H l l i n g . j p g

 

1 5 0 H l l i n g . j p g 2 0 0 H 1 1 i n g . j p g 2 5 0 H 1 1 i n g . j p g

 
4 5 0 H l l i n g . j p g 5 0 0 H l l i n g . j p g 5 5 0 H l l i n g . j p g

A p p e n d i x 6 c o n t i n u e d .

3 6 6   



 

7 0 0 H l l i n g . j p g

 

8 5 0 H 1 1 i n g . j p g

 

9 0 0 H 1 1 i n g . j p g

A p p e n d i x 6 c o n t i n u e d .

9 5 0 H l l i n g . j p g

3 6 7

l O O O H l l i n g . j p g

 



 

0 H 1 l a b . j p g 5 0 H 1 1 a b . j p g 1 0 0 H 1 l a b . j p g

  

1 5 0 1 - 1 1 l a b . j p g Z O O H 1 l a b . j p g 2 5 0 H 1 1 a b . j p g

 

3 5 0 H l l a b . j p g 4 0 0 H l l a b — j p g

  
4 5 0 H 1 1 a b . j p g S O O H 1 l a b . j p g 5 5 0 H l l a b . j p g

A p p e n d i x 6 c o n t i n u e d .

3 6 8  





  
9 0 0 H l l a b . j p g 9 5 0 H 1 1 a b . j p g 1 0 0 0 H 1 1 a b . j p g

A p p e n d i x 6 c o n t i n u e d .

3 6 9



 

0 H 2 1 i n g . j p g 5 0 H 2 1 i n g . j p g l O O H Z l i n g . j p g

 

l S O H Z l i n g j p g 2 0 0 H 2 1 i n g . j p g 2 5 0 H 2 | i n g . j p g

 

3 0 0 H 2 | i n g . j p g 3 5 0 H 2 1 i n g . j p g 4 0 0 H 2 1 i n g . j p g

 

4 5 0 H 2 | i n g . j p g 5 0 0 H 2 1 i n g . j p g 5 5 0 H 2 1 i n g . j p g

A p p e n d i x 6 c o n t i n u e d .

3 7 0   



  
9 0 0 H 2 1 i n g . j p g 9 5 0 H 2 1 i n g . j p g 1 0 0 0 H 2 1 i n g . j p g

A p p e n d i x 6 c o n t i n u e d .

3 7 1  



 

0 H 2 1 a b . j p g 5 0 H 2 1 a b . j p g 1 0 0 H 2 1 a b . j p g

 

l 5 0 H 2 1 a b . j p g 2 0 0 H 2 1 a b . j p g 2 5 0 H 2 1 a b _ j p g

 

3 0 0 H 2 1 a b . j p g 3 5 0 H 2 1 3 b . j p g 4 0 0 H 2 | a b . j p g

 

4 5 0 H 2 1 a b . j p g 5 0 0 H 2 1 a b . j p g 5 5 0 H 2 1 3 b . j p g

A p p e n d i x 6 c o n t i n u e d .

3 7 2  

 



 
9 0 0 1 1 2 1 3 6 n g 9 5 0 H 2 1 a b . j p g 1 0 0 0 H 2 1 a b . j p g

A p p e n d i x 6 c o n t i n u e d .

3 7 3



 
1 5 0 H 3 l i n g . j p g 2 0 0 H 3 1 i n g . j p g 2 5 0 H 3 l i n g . j p g

 
4 5 0 H 3 | i n g . j p g 5 0 0 H 3 1 i n g . j p g 5 5 0 H 3 l i n g . j p g

A p p e n d i x 6 c o n t i n u e d .

3 7 4





 

6 0 0 H 3 l i n g . j p g 6 5 0 H 3 l i n g . j p g 7 0 0 H 3 1 i n g . j p g

 

7 5 0 H 3 l i n g . j p g 8 0 0 H 3 1 i n g . j p g 8 5 0 H 3 l i n g . j p g

 

9 0 0 H 3 1 i n g . j p g 9 5 0 H 3 l i n g . j p g 1 0 0 0 H 3 l i n g . j p g

A p p e n d i x 6 c o n t i n u e d .

3 7 5



 
1 5 0 H 3 l a b . j p g 2 0 0 H 3 1 a b . j p g 2 5 0 H 3 l a b . j p g

 
4 5 0 H 3 l a b . j p g 5 0 0 H 3 l a b . j p g 5 5 0 H 3 l a b . j p g

A p p e n d i x 6 c o n t i n u e d .

3 7 6   



 

6 0 0 H 3 l a b . j p g 6 5 0 H 3 1 a b . j p g 7 0 0 H 3 l a b . j p g

 

7 5 0 H 3 l a b . j p g 8 0 0 H 3 l a b . j p g 8 5 0 H 3 l a b . j p g

 

9 0 0 H 3 1 a b . j p g 9 5 0 H 3 l a b . j p g 1 0 0 0 H 3 1 a b . j p g

A p p e n d i x 6 c o n t i n u e d .

3 7 7



 

0 H 4 r o o t . j p g 5 0 H 4 r o o t . j p g 1 0 0 H 4 r o o t . j p g

N
?
)

 

1 5 0 H 4 r o o t . j p g 2 0 0 H 4 r o o t . j p g 2 5 0 H 4 r o o t . j p g

 

3 0 0 H 4 r o o t . j p g 3 5 0 H 4 r o o t . j p g 4 0 0 H 4 r o o t . j p g

 

4 5 0 H 4 r o o t . j p g 5 0 0 H 4 r o o t . j p g 5 5 0 H 4 r o o t . j p g

A p p e n d i x 6 c o n t i n u e d .

3 7 8



 

6 0 0 H 4 r o o t . j p g 6 5 0 H 4 r o o t . j p g 7 0 0 H 4 r o o t . j p g

 

7 5 0 H 4 r o o t . j p g 8 0 0 H 4 r o o t . j p 8 8 5 0 H 4 r o o t . j p g

 

9 0 0 H 4 r o o t . j p g 9 5 0 H 4 r o o t . j p g 1 0 0 0 H 4 r o o t . j p g

A p p e n d i x 6 c o n t i n u e d .

3 7 9



 
1 5 0 H 4 s i d e . j p g 2 0 0 H 4 s i d e . j p g 2 5 0 H 4 s i d e . j p g

 

3 0 0 H 4 s i d e . j p g 3 5 0 H 4 s i d e . j p g 4 0 0 H 4 s i d e . j p g

 

4 5 0 H 4 s i d e . j p g 5 0 0 H 4 s i d e . j p g 5 5 0 H 4 s i d e . j p g

A p p e n d i x 6 c o n t i n u e d .

3 8 0



 

6 0 0 H 4 s i d e . j p g 6 5 0 H 4 s i d e . j p g 7 0 0 H 4 s i d e . j p g

 

7 5 0 H 4 s i d e . j p g 8 0 0 H 4 s i d e . j p g 8 5 0 H 4 s i d e . j p g

 

9 0 0 H 4 s i d e . j p g 9 5 0 H 4 s i d e . j p g . 1 0 0 0 H 4 s i d e . j p g

A p p e n d i x 6 c o n t i n u e d .

3 8 1  



 



P L A C E I N R E T U R N B O X t o r e m o v e t h i s c h e c k o u t f r o m y o u r r e c o r d .

T O A V O I D F I N E S r e t u r n o n o r b e f o r e d a t e d u e .
M A Y B E R E C A L L E D w i t h e a r l i e r d u e d a t e i f r e q u e s t e d .
 

D A T E D U E D A T E D U E D A T E D U E
 

 

 

 

 

 

 

 

 

     
5 / 0 8 K I P r o j / A c c S - P r e l e l R C l D a t e D u e . i n d d

 

 

 



D I V E R S I T Y , B I O G E O G R A P H Y , A N D T A P H O N O M Y O F L A T E C R E T A C E O U S

C H O N D R I C H T H Y A N S F R O M M O N T A N A

V O L U M E H I

B y

Y a s e m i n I f a k a t T u l u

A D I S S E R T A T I O N

S u b m i t t e d t o

M i c h i g a n S t a t e U n i v e r s i t y
i n p a r t i a l f u l fi l l m e n t o f t h e r e q u i r e m e n t s

f o r t h e d e g r e e o f

D O C T O R O F P H I L O S O P H Y

G e o l o g i c a l S c i e n c e s

2 0 1 0



A P P E N D I X H

D A T A F O R T A P H O N O M Y S E R I E S

3 8 2



 

 

 

          

T o o t h A 1 , H e i g h t i n m m

1 2 3 4 5 6 S T D E V A v e r a g

0 A 1 1 7 . 5 2 1 7 . 4 8 1 7 . 5 0 1 7 . 4 9 1 7 . 5 0 1 7 . 5 1 0 . 0 1 4 1 1 7 . 5 0

5 0 A ] 1 7 . 1 2 1 7 . 1 1 1 7 . 1 1 1 7 . 1 1 1 7 . 1 0 1 7 . 1 1 0 . 0 0 6 3 1 7 . 1 1

1 0 0 A 1 1 6 . 9 3 1 6 . 9 4 1 6 . 9 3 1 6 . 9 1 1 6 . 9 4 1 6 . 9 3 0 . 0 1 1 0 1 6 . 9 3

1 5 0 A 1 1 6 . 6 9 1 6 . 6 7 1 6 . 6 9 1 6 . 6 6 1 6 . 6 8 1 6 . 6 8 0 . 0 1 1 7 1 6 . 6 8

2 0 0 A 1 1 6 . 4 4 1 6 . 4 5 1 6 . 4 3 1 6 . 4 4 1 6 . 4 4 1 6 . 4 4 0 . 0 0 6 3 1 6 . 4 4

2 5 0 A 1 1 6 . 2 8 1 6 . 3 0 1 6 . 2 6 1 6 . 2 8 1 6 . 2 9 1 6 . 2 9 0 . 0 1 3 7 1 6 . 2 8

3 0 0 A 1 1 6 . 2 5 1 6 . 2 3 1 6 . 2 6 1 6 . 1 6 1 6 . 2 3 1 6 . 2 3 0 . 0 3 5 0 1 6 . 2 3

3 5 0 A 1 1 6 . 1 6 1 6 . 1 5 1 6 . 1 8 1 6 . 2 0 1 6 . 1 7 1 6 . 1 9 0 . 0 1 8 7 1 6 . 1 8

4 0 0 A 1 1 6 . 1 0 1 6 . 1 1 1 6 . 1 3 1 6 . 1 4 1 6 . 0 8 1 6 . 1 2 0 . 0 2 1 6 1 6 . 1 1

4 5 0 A ] 1 6 . 0 6 1 6 . 0 5 1 6 . 0 7 1 6 . 0 7 1 6 . 0 4 1 6 . 0 4 0 . 0 1 3 8 1 6 . 0 6

5 0 0 A 1 1 5 . 9 ] 1 5 . 9 3 1 5 . 9 0 1 5 . 9 0 1 5 . 9 0 1 5 . 9 1 0 . 0 1 1 7 1 5 . 9 1

5 5 0 A 1 1 5 . 7 9 1 5 . 7 7 1 5 . 8 0 1 5 . 7 7 1 5 . 7 7 1 5 . 7 7 0 . 0 1 3 3 1 5 . 7 8

6 0 0 A 1 1 5 . 6 2 1 5 . 6 3 1 5 . 6 0 1 5 . 6 0 1 5 . 6 0 1 5 . 6 2 0 . 0 1 3 3 1 5 . 6 1

6 5 0 A 1 1 5 . 5 3 1 5 . 5 5 1 5 . 5 5 1 5 . 5 2 1 5 . 5 4 1 5 . 5 2 0 . 0 1 3 8 1 5 . 5 4

7 0 0 A 1 1 5 . 4 2 1 5 . 4 0 1 5 . 4 1 1 5 . 4 1 1 5 . 3 9 1 5 . 3 9 0 . 0 1 2 1 1 5 . 4 0

7 5 0 A ] 1 5 . 3 5 1 5 . 3 6 1 5 . 3 7 1 5 . 3 6 1 5 . 3 6 1 5 . 3 5 0 . 0 0 7 5 1 5 . 3 6

8 0 0 A ] 1 5 . 2 3 1 5 . 2 3 1 5 . 2 1 1 5 . 2 4 1 5 . 2 4 1 5 . 2 5 0 . 0 1 3 7 1 5 . 2 3

8 5 0 A 1 1 5 . 2 ] 1 5 . 1 9 1 5 . 2 2 1 5 . 2 1 1 5 . 1 9 1 5 . 2 1 0 . 0 1 2 2 1 5 . 2 1

9 0 0 A 1 1 5 . 1 8 1 5 . 1 9 1 5 . 1 6 1 5 . 1 6 1 5 . 1 7 1 5 . 1 8 0 . 0 1 2 1 1 5 . 1 7

9 5 0 A 1 1 5 . 0 6 1 5 . 0 5 1 5 . 0 7 1 5 . 0 6 1 5 . 0 6 1 5 . 0 5 0 . 0 0 7 5 1 5 . 0 6

1 0 0 0 A 1 1 4 . 9 ] 1 4 . 8 9 1 4 . 9 0 1 4 . 9 3 1 4 . 9 2 1 4 . 9 2 0 . 0 1 4 7 1 4 . 9 1
 

A p p e n d i x H : D a t a f o r t a p h o n o m y s e r i e s .

3 8 3

 



 

T o o t h A 2 , H e i g h t i n m m
 

 

           

1 2 3 4 5 6 S T D E V A v e r a g e

0 A 2 2 1 . 1 5 2 1 . 1 3 2 1 . 1 4 2 1 . 1 4 2 1 . 1 4 2 1 . 1 3 0 . 0 0 7 5 2 1 . 1 4

5 0 A 2 1 9 . 2 9 1 9 . 3 0 1 9 . 3 0 1 9 . 2 9 1 9 . 2 8 1 9 . 2 8 0 . 0 0 8 9 1 9 . 2 9

1 0 0 A 2 1 8 . 7 7 1 8 . 7 6 1 8 . 7 7 1 8 . 7 6 1 8 . 7 5 1 8 . 7 5 0 . 0 0 8 9 1 8 . 7 6

1 5 0 A 2 1 7 . 9 6 1 7 . 9 9 1 7 . 9 6 1 7 . 9 7 1 7 . 9 8 1 7 . 9 8 0 . 0 1 2 1 1 7 . 9 7

2 0 0 A 2 1 7 . 3 6 1 7 . 3 8 1 7 . 3 4 1 7 . 3 4 1 7 . 3 6 1 7 . 3 7 0 . 0 1 6 0 1 7 . 3 6

2 5 0 A 2 1 7 . 1 2 1 7 . 1 2 1 7 . 1 5 1 7 . 1 4 1 7 . 1 4 1 7 . 1 2 0 . 0 1 3 3 1 7 . 1 3

3 0 0 A 2 1 7 . 0 5 1 7 . 0 7 1 7 . 0 7 1 7 . 0 5 1 7 . 0 6 1 7 . 0 6 0 . 0 0 8 9 1 7 . 0 6

3 5 0 A 2 1 6 . 9 4 1 6 . 9 3 1 6 . 9 3 1 6 . 9 3 1 6 . 9 2 1 6 . 9 3 0 . 0 0 6 3 1 6 . 9 3

4 0 0 A 2 1 6 . 6 8 1 6 . 6 8 1 6 . 6 8 1 6 . 6 9 1 6 . 6 8 1 6 . 6 7 0 . 0 0 6 3 1 6 . 6 8

4 5 0 A 2 1 6 . 4 0 1 6 . 3 7 1 6 . 3 7 1 6 . 3 5 1 6 . 3 5 1 6 . 3 8 0 . 0 1 9 0 1 6 . 3 7

5 0 0 A 2 1 6 . 1 0 1 6 . 1 0 1 6 . 1 1 1 6 . 1 1 1 6 . 1 2 1 6 . 0 9 0 . 0 1 0 5 1 6 . 1 1

5 5 0 A 2 1 5 . 9 5 1 5 . 9 5 1 5 . 9 5 1 5 . 9 5 1 5 . 9 5 1 5 . 9 5 0 . 0 0 0 0 1 5 . 9 5

6 0 0 A 2 1 5 . 7 8 1 5 . 7 8 1 5 . 7 7 1 5 . 7 9 1 5 . 7 8 1 5 . 7 8 0 . 0 0 6 3 1 5 . 7 8

6 5 0 A 2 1 5 . 6 7 1 5 . 6 7 1 5 . 6 7 1 5 . 6 7 1 5 . 6 7 1 5 . 6 6 0 . 0 0 4 1 1 5 . 6 7

7 0 0 A 2 1 5 . 5 1 1 5 . 5 1 1 5 . 4 9 1 5 . 6 0 1 5 . 5 1 1 5 . 5 0 0 . 0 4 0 0 1 5 . 5 2

7 5 0 A 2 1 5 . 4 6 1 5 . 4 5 1 5 . 4 4 1 5 . 4 4 1 5 . 4 5 1 5 . 4 4 0 . 0 0 8 2 1 5 . 4 5

8 0 0 A 2 1 5 . 3 5 1 5 . 3 4 1 5 . 3 5 1 5 . 3 5 1 5 . 3 5 1 5 . 3 4 0 . 0 0 5 2 1 5 . 3 5

8 5 0 A 2 1 5 . 2 9 1 5 . 2 9 1 5 . 2 9 1 5 . 2 8 1 5 . 2 9 1 5 . 2 9 0 . 0 0 4 1 1 5 . 2 9

9 0 0 A 2 1 5 . 2 6 1 5 . 2 5 1 5 . 2 5 1 5 . 2 4 1 5 . 2 3 1 5 . 2 4 0 . 0 1 0 5 1 5 . 2 5

9 5 0 A 2 1 5 . 2 0 1 5 . 2 1 1 5 . 2 0 1 5 . 2 1 1 5 . 2 0 1 5 . 2 0 0 . 0 0 5 2 1 5 . 2 0

1 0 0 0 A 2 1 5 . 1 3 1 5 . 1 3 1 5 . 1 6 1 5 . 1 8 1 5 . 1 9 1 5 . 1 8 0 . 0 2 6 4 1 5 . 1 6

A p p e n d i x H c o n t i n u e d .

3 8 4

 



 

 

 

           

T o o t h A 3 , H e i g h t i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 A 3 1 3 . 8 3 1 3 . 8 7 1 3 . 8 7 1 3 . 8 1 1 3 . 8 4 1 3 . 8 4 0 . 0 2 3 4 1 3 . 8 4

5 0 A 3 1 2 . 8 1 1 2 . 8 2 1 2 . 8 2 1 2 . 8 4 1 2 . 8 3 1 2 . 8 1 0 . 0 1 1 7 1 2 . 8 2

1 0 0 A 3 1 2 . 4 6 1 2 . 4 8 1 2 . 4 9 1 2 . 4 6 1 2 . 4 9 1 2 . 4 7 0 . 0 1 3 8 1 2 . 4 8

1 5 0 A 3 1 2 . 1 2 1 2 . 1 3 1 2 . 1 2 1 2 . 1 3 1 2 . 1 0 1 2 . 1 2 0 . 0 1 1 0 1 2 . 1 2

2 0 0 A 3 1 1 . 8 3 1 1 . 8 5 1 1 . 8 5 1 1 . 8 6 1 1 . 8 6 1 1 . 8 6 0 . 0 1 1 7 1 1 . 8 5

2 5 0 A 3 1 1 . 7 2 1 1 . 7 1 1 1 . 6 9 1 1 . 7 2 1 1 . 7 2 1 1 . 7 2 0 . 0 1 2 1 1 1 . 7 1

3 0 0 A 3 1 1 . 6 4 1 1 . 6 4 1 1 . 6 4 1 1 . 6 4 1 1 . 6 4 1 1 . 6 4 0 . 0 0 0 0 1 1 . 6 4

3 5 0 A 3 1 1 . 5 1 1 1 . 5 1 1 1 . 5 1 1 1 . 4 9 1 1 . 4 7 1 1 . 5 1 0 . 0 1 6 7 1 1 . 5 0

4 0 0 A 3 1 1 . 4 4 1 1 . 4 2 1 1 . 4 2 1 1 . 4 0 1 1 . 4 3 1 1 . 4 3 0 . 0 1 3 7 1 1 . 4 2

4 5 0 A 3 1 1 . 3 7 1 1 . 3 5 1 1 . 3 7 1 1 . 3 6 1 1 . 3 6 1 1 . 3 6 0 . 0 0 7 5 1 1 . 3 6

5 0 0 A 3 1 1 . 2 7 1 1 . 2 7 1 1 . 2 8 1 1 . 2 7 1 1 . 2 8 1 1 . 2 8 0 . 0 0 5 5 1 1 . 2 8

5 5 0 A 3 1 1 . 1 6 1 1 . 1 6 1 1 . 1 6 1 1 . 1 6 1 1 . 1 5 1 1 . 1 5 0 . 0 0 5 2 1 1 . 1 6

6 0 0 A 3 1 1 . 0 5 1 1 . 0 5 1 1 . 0 6 1 1 . 0 5 1 1 . 0 5 1 1 . 0 5 0 . 0 0 4 1 1 1 . 0 5

6 5 0 A 3 1 0 . 9 5 1 0 . 9 6 1 0 . 9 7 1 0 . 9 6 1 0 . 9 6 1 0 . 9 5 0 . 0 0 7 5 1 0 . 9 6

7 0 0 A 3 1 0 . 8 9 1 0 . 8 9 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 8 9 0 . 0 0 5 2 1 0 . 8 9

7 5 0 A 3 1 0 . 8 3 1 0 . 8 4 1 0 . 8 4 1 0 . 8 4 1 0 . 8 4 1 0 . 8 3 0 . 0 0 5 2 1 0 . 8 4

8 0 0 A 3 1 0 . 7 8 1 0 . 7 8 1 0 . 7 5 1 0 . 7 7 1 0 . 7 7 1 0 . 7 8 0 . 0 1 1 7 1 0 . 7 7

8 5 0 A 3 1 0 . 7 2 1 0 . 7 3 1 0 . 7 3 1 0 . 7 2 1 0 . 7 2 1 0 . 7 2 0 . 0 0 5 2 1 0 . 7 2

9 0 0 A 3 1 0 . 6 8 1 0 . 6 9 1 0 . 6 9 1 0 . 6 8 1 0 . 6 9 1 0 . 6 9 0 . 0 0 5 2 1 0 . 6 9

9 5 0 A 3 1 0 . 6 3 1 0 . 6 1 1 0 . 6 1 1 0 . 6 2 1 0 . 6 3 1 0 . 6 1 0 . 0 0 9 8 1 0 . 6 2

1 0 0 0 A 3 1 0 . 5 6 1 0 . 5 4 1 0 . 5 4 1 0 . 5 4 1 0 . 5 5 1 0 . 5 5 0 . 0 0 8 2 1 0 . 5 5

A p p e n d i x H c o n t i n u e d .

3 8 5

 



 

T o o t h B 1 , H e i g h t i n m m
 

 

            

1 2 3 4 5 6 S T D E V A v e r a g e

0 B l 8 . 5 0 8 . 4 8 8 . 4 9 8 . 4 9 8 . 4 9 8 . 4 9 0 . 0 0 6 3 8 . 4 9

5 0 B 1 7 . 9 1 7 . 9 4 7 . 9 2 7 . 9 6 7 . 8 4 7 . 8 4 0 . 0 5 0 8 7 . 9 0

1 0 0 B 1 7 . 7 5 7 . 7 6 7 . 7 7 7 . 7 5 7 . 7 3 7 . 7 5 0 . 0 1 3 3 7 . 7 5

1 5 0 B 1 7 . 7 1 7 . 7 2 7 . 6 9 7 . 7 3 7 . 7 1 7 . 7 1 0 . 0 1 3 3 7 . 7 1

2 0 0 B 1 7 . 6 2 7 . 5 8 7 . 5 8 7 . 5 8 7 . 6 0 7 . 6 0 0 . 0 1 6 3 7 . 5 9

2 5 0 B l 7 . 4 6 7 . 4 7 7 . 4 6 7 . 4 5 7 . 4 6 7 . 4 6 0 . 0 0 6 3 7 . 4 6

3 0 0 B l 7 . 3 6 7 . 3 6 7 . 3 5 7 . 3 4 7 . 3 7 7 . 3 5 0 . 0 1 0 5 7 . 3 6

3 5 0 B l 7 . 3 6 7 . 3 6 7 . 3 5 7 . 3 4 7 . 3 7 7 . 3 5 0 . 0 1 0 5 7 . 3 6

4 0 0 B l 7 . 3 0 7 . 3 1 7 . 2 9 7 . 3 0 7 . 2 9 7 . 2 9 0 . 0 0 8 2 7 . 3 0

4 5 0 B 1 7 . 2 3 7 . 2 1 7 . 2 3 7 . 2 2 7 . 2 4 7 . 2 4 0 . 0 1 1 7 7 . 2 3

5 0 0 B 1 7 . 2 1 7 . 1 9 7 . 2 0 7 . 2 0 7 . 2 0 7 . 2 0 0 . 0 0 6 3 7 . 2 0

5 5 0 B 1 7 . 1 2 7 . 1 2 7 . 1 2 7 . 1 2 7 . 1 2 7 . 1 2 0 . 0 0 0 0 7 . 1 2

6 0 0 B l 7 . 0 0 6 . 9 8 6 . 9 8 6 . 9 7 6 . 9 7 6 . 9 7 0 . 0 1 1 7 6 . 9 8

6 5 0 B 1 6 . 9 8 6 . 9 7 6 . 9 6 6 . 9 5 6 . 9 5 6 . 9 6 0 . 0 1 1 7 6 . 9 6

7 0 0 B l 6 . 9 1 6 . 9 1 6 . 9 0 6 . 9 0 6 . 8 9 6 . 9 0 0 . 0 0 7 5 6 . 9 0

7 5 0 B l 6 . 8 7 6 . 8 7 6 . 8 7 6 . 8 7 6 . 8 7 6 . 8 6 0 . 0 0 4 1 6 . 8 7

8 0 0 B 1 6 . 8 3 6 . 8 1 6 . 8 2 6 . 8 2 6 . 8 2 6 . 8 2 0 . 0 0 6 3 6 . 8 2

8 5 0 B l 6 . 7 7 6 . 7 9 6 . 7 7 6 . 7 8 6 . 7 9 6 . 7 8 0 . 0 0 8 9 6 . 7 8

9 0 0 B l 6 . 7 5 6 . 7 5 6 . 7 6 6 . 7 5 6 . 7 6 6 . 7 6 0 . 0 0 5 5 6 . 7 6

9 5 0 B l 6 . 7 1 6 . 7 0 6 . 7 0 6 . 7 1 6 . 7 1 6 . 7 1 0 . 0 0 5 2 6 . 7 1

1 0 0 0 B 1 6 . 7 0 6 . 6 8 6 . 6 9 6 . 7 0 6 . 6 9 6 . 6 8 0 . 0 0 8 9 6 . 6 9

A p p e n d i x H c o n t i n u e d .

3 8 6



 

 

 

          

T o o t h B 2 , H e i g h t i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 B 2 1 3 . 6 2 1 3 . 7 5 1 3 . 7 0 1 3 . 6 8 1 3 . 7 2 1 3 . 6 9 0 . 0 4 3 7 1 3 . 6 9

5 0 B 2 1 2 . 6 7 1 2 . 6 5 1 2 . 6 4 1 2 . 5 6 1 2 . 6 3 1 2 . 6 3 0 . 0 3 7 4 1 2 . 6 3

1 0 0 B Z 1 2 . 3 4 1 2 . 3 3 1 2 . 3 3 1 2 . 3 1 1 2 . 3 2 1 2 . 3 0 0 . 0 1 4 7 1 2 . 3 2

1 5 0 B Z 1 2 . 0 5 1 2 . 0 5 1 2 . 0 4 1 2 . 0 3 1 2 . 0 3 1 2 . 0 2 0 . 0 1 2 1 1 2 . 0 4

2 0 0 B 2 1 1 . 7 6 1 1 . 7 8 1 1 . 7 8 1 1 . 7 4 1 1 . 7 6 1 1 . 7 8 0 . 0 1 6 3 1 1 . 7 7

2 5 0 B 2 1 1 . 6 1 1 1 . 6 2 1 1 . 6 4 1 1 . 6 4 1 1 . 6 3 1 1 . 6 1 0 . 0 1 3 8 1 1 . 6 3

3 0 0 B Z 1 1 . 5 8 1 1 . 5 6 1 1 . 5 7 1 1 . 5 8 1 1 . 5 8 1 1 . 5 8 0 . 0 0 8 4 1 1 . 5 8

3 5 0 B 2 1 1 . 4 4 1 1 . 4 4 1 1 . 4 5 1 1 . 4 4 1 1 . 4 4 1 1 . 4 3 0 . 0 0 6 3 1 1 . 4 4

4 0 0 B 2 1 1 . 3 0 1 1 . 3 1 1 1 . 3 1 1 1 . 2 9 1 1 . 2 9 1 1 . 2 9 0 . 0 0 9 8 1 1 . 3 0

4 5 0 B 2 1 1 . 2 1 1 1 . 2 1 1 1 . 2 0 1 1 . 2 0 1 1 . 2 1 1 1 . 2 0 0 . 0 0 5 5 1 1 . 2 1

5 0 0 B 2 1 1 . 1 0 1 1 . 1 1 1 1 . 1 1 1 1 . 1 1 1 1 . 1 1 1 1 . 1 1 0 . 0 0 4 1 1 1 . 1 1

5 5 0 B 2 1 0 . 9 5 1 0 . 9 5 1 0 . 9 8 1 0 . 9 8 1 0 . 9 7 1 0 . 9 7 0 . 0 1 3 7 1 0 . 9 7

6 0 0 8 2 1 0 . 8 7 1 0 . 8 6 1 0 . 8 7 1 0 . 8 7 1 0 . 8 6 1 0 . 8 7 0 . 0 0 5 2 1 0 . 8 7

6 5 0 8 2 1 0 . 7 7 1 0 . 7 6 1 0 . 7 8 1 0 . 7 7 1 0 . 7 6 1 0 . 7 7 0 . 0 0 7 5 1 0 . 7 7

7 0 0 B 2 1 0 . 6 7 1 0 . 6 7 1 0 . 6 7 1 0 . 6 8 1 0 . 6 9 1 0 . 6 8 0 . 0 0 8 2 1 0 . 6 8

7 5 0 B Z 1 0 . 5 8 1 0 . 6 0 1 0 . 6 0 1 0 . 6 0 1 0 . 6 0 1 0 . 5 9 0 . 0 0 8 4 1 0 . 6 0

8 0 0 B 2 1 0 . 4 8 1 0 . 5 1 1 0 . 5 2 1 0 . 5 2 1 0 . 5 2 1 0 . 5 3 0 . 0 1 7 5 1 0 . 5 1

8 5 0 B Z 1 0 . 4 8 1 0 . 4 8 1 0 . 4 7 1 0 . 4 9 1 0 . 4 7 1 0 . 4 8 0 . 0 0 7 5 1 0 . 4 8

9 0 0 8 2 1 0 . 4 4 1 0 . 4 4 1 0 . 4 2 1 0 . 4 5 1 0 . 4 1 1 0 . 4 4 0 . 0 1 5 1 1 0 . 4 3

9 5 0 B 2 1 0 . 4 0 1 0 . 3 9 1 0 . 3 8 1 0 . 3 7 1 0 . 4 0 1 0 . 4 0 0 . 0 1 2 6 1 0 . 3 9

1 0 0 0 B 2 1 0 . 3 5 1 0 . 3 5 1 0 . 3 5 1 0 . 3 6 1 0 . 3 4 1 0 . 3 1 0 . 0 1 7 5 1 0 . 3 4
 

A p p e n d i x H c o n t i n u e d .

3 8 7

 



 

 

 

            

T o o t h B 3 , H e i g h t i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 B 3 1 0 . 6 1 1 0 . 5 5 1 0 . 6 0 1 0 . 5 5 1 0 . 6 5 1 0 . 5 8 0 . 0 3 8 5 1 0 5 9 -

5 0 B 3 9 . 8 6 9 . 9 0 9 . 8 5 9 . 8 8 9 . 8 6 9 . 8 3 0 . 0 2 4 2 9 . 8 6

1 0 0 B 3 9 . 4 8 9 . 5 2 9 . 5 0 9 . 5 2 9 . 5 1 9 . 5 4 0 . 0 2 0 4 9 . 5 1

1 5 0 B 3 9 . 2 6 9 . 2 5 9 . 2 7 9 . 2 5 9 . 2 6 9 . 2 5 0 . 0 0 8 2 9 . 2 6

2 0 0 B 3 9 . 0 9 9 . 0 8 9 . 0 9 9 . 0 8 9 . 0 8 9 . 0 8 0 . 0 0 5 2 9 . 0 8

2 5 0 B 3 8 . 9 0 8 . 8 8 8 . 8 7 8 . 8 7 8 . 8 8 8 . 8 8 0 . 0 1 1 0 8 . 8 8

3 0 0 B 3 8 . 7 4 8 . 7 4 8 . 7 3 8 . 7 3 8 . 7 2 8 . 7 2 0 . 0 0 8 9 8 . 7 3

3 5 0 B 3 8 . 6 1 8 . 6 0 8 . 6 1 8 . 6 0 8 . 6 1 8 . 6 1 0 . 0 0 5 2 8 . 6 1

4 0 0 B 3 8 . 4 8 8 . 4 7 8 . 4 7 8 . 4 8 8 . 4 8 8 . 4 9 0 . 0 0 7 5 8 . 4 8

4 5 0 B 3 8 . 3 9 8 . 3 8 8 . 3 8 8 . 3 8 8 . 3 7 8 . 3 7 0 . 0 0 7 5 8 . 3 8

5 0 0 B 3 8 . 2 6 8 . 2 7 8 . 2 5 8 . 2 6 8 . 2 6 8 . 2 5 0 . 0 0 7 5 8 . 2 6

5 5 0 B 3 8 . 0 8 8 . 0 7 8 . 0 9 8 . 0 9 8 . 0 9 8 . 0 8 0 . 0 0 8 2 8 . 0 8

6 0 0 B 3 7 . 9 8 7 . 9 8 7 . 9 7 7 . 9 7 7 . 9 7 7 . 9 7 0 . 0 0 5 2 7 . 9 7

6 5 0 B 3 7 . 8 6 7 . 8 7 7 . 8 5 7 . 8 7 7 . 8 8 7 . 8 8 0 . 0 1 1 7 7 . 8 7

7 0 0 B 3 7 . 7 8 7 . 7 8 7 . 8 0 7 . 7 8 7 . 7 8 7 . 7 6 0 . 0 1 2 6 7 . 7 8

7 5 0 B 3 7 . 6 9 7 . 6 6 7 . 6 7 7 . 6 6 7 . 6 6 7 . 6 7 0 . 0 1 1 7 7 . 6 7

8 0 0 B 3 7 . 6 2 7 . 6 1 7 . 6 2 7 . 6 1 7 . 6 0 7 . 6 2 0 . 0 0 8 2 7 . 6 1

8 5 0 B B 7 . 5 6 7 . 5 5 7 . 5 5 7 . 5 4 7 . 5 5 7 . 5 6 0 . 0 0 7 5 7 . 5 5

9 0 0 B 3 7 . 5 1 7 . 5 2 7 . 5 1 7 . 5 4 7 . 5 2 7 . 5 2 0 . 0 1 1 0 7 . 5 2

9 5 0 B 3 7 . 4 8 7 . 4 9 7 . 4 7 7 . 4 8 7 . 4 8 7 . 4 8 0 . 0 0 6 3 7 . 4 8

1 0 0 0 B 3 7 . 4 3 7 . 4 1 7 . 4 3 7 . 4 3 7 . 4 4 7 . 4 4 0 . 0 1 1 0 7 . 4 3

A p p e n d i x H c o n t i n u e d .

3 8 8



 

 

 

          

T o o t h C 1 , H e i g h t i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 C 1 1 5 . 3 9 1 5 . 4 6 1 5 . 4 5 1 5 . 4 6 1 5 . 4 3 1 5 . 4 4 0 . 0 2 6 4 1 5 . 4 4

5 0 C 1 1 4 . 3 3 1 4 . 3 6 1 4 . 2 7 1 4 . 2 9 1 4 . 3 1 1 4 . 3 6 0 . 0 3 6 9 1 4 . 3 2

1 0 0 C 1 1 3 . 9 7 1 3 . 9 6 1 3 . 9 7 1 3 . 9 6 1 3 . 9 6 1 3 . 9 7 0 . 0 0 5 5 1 3 . 9 7

1 5 0 C 1 1 3 . 6 5 1 3 . 6 5 1 3 . 7 0 1 3 . 6 9 1 3 . 6 5 1 3 . 6 8 0 . 0 2 2 8 1 3 . 6 7

2 0 0 C 1 1 3 . 5 0 1 3 . 6 2 1 3 . 5 3 1 3 . 5 1 1 3 . 5 0 1 3 . 5 0 0 . 0 4 7 2 1 3 . 5 3

2 5 0 C 1 1 3 . 3 5 1 3 . 3 5 1 3 . 3 5 1 3 . 3 5 1 3 . 3 5 1 3 , 3 5 0 . 0 0 0 0 1 3 . 3 5

3 0 0 C 1 1 3 . 2 2 1 3 . 2 2 1 3 . 2 2 1 3 . 2 2 1 3 . 2 2 1 3 . 2 2 0 . 0 0 0 0 1 3 . 2 2

3 5 0 C 1 1 3 . 0 0 1 2 . 9 8 1 3 . 0 2 1 3 . 0 1 1 3 . 0 1 1 3 . 0 2 0 . 0 1 5 1 1 3 . 0 1

4 0 0 C 1 1 2 . 9 2 1 2 . 9 3 1 2 . 9 2 1 2 . 9 2 1 2 . 8 9 1 2 . 9 2 0 . 0 1 3 7 1 2 . 9 2

4 5 0 C 1 1 2 . 8 1 1 2 . 7 9 1 2 . 8 3 1 2 . 8 3 1 2 . 8 3 1 2 . 8 2 0 . 0 1 6 0 1 2 . 8 2

5 0 0 C 1 1 2 . 7 1 1 2 . 7 2 1 2 . 7 1 1 2 . 7 3 1 2 . 7 2 1 2 . 7 3 0 . 0 0 8 9 1 2 . 7 2

5 5 0 C 1 1 2 . 6 2 1 2 . 6 1 1 2 . 6 0 1 2 . 6 0 1 2 . 6 1 1 2 . 5 9 0 . 0 1 0 5 1 2 . 6 1

6 0 0 C 1 1 2 . 4 4 1 2 . 4 4 1 2 . 4 3 1 2 . 4 2 1 2 . 4 2 1 2 . 4 4 0 . 0 0 9 8 1 2 . 4 3

6 5 0 C 1 1 2 . 3 6 1 2 . 3 5 1 2 . 3 8 1 2 . 3 7 1 2 . 4 5 1 2 . 3 7 0 . 0 3 5 8 1 2 . 3 8

7 0 0 C 1 1 2 . 2 8 1 2 . 2 7 1 2 . 2 8 1 2 . 2 6 1 2 . 2 6 1 2 . 2 5 0 . 0 1 2 1 1 2 . 2 7

7 5 0 C 1 1 2 . 2 2 1 2 . 2 1 1 2 . 2 1 1 2 . 1 9 1 2 . 1 9 1 2 . 2 0 0 . 0 1 2 1 1 2 . 2 0

8 0 0 C 1 1 2 . 0 8 1 2 . 1 0 1 2 . 0 9 1 2 . 1 0 1 2 . 1 1 1 2 . 1 0 0 . 0 1 0 3 1 2 . 1 0

8 5 0 C 1 1 2 . 0 4 1 2 . 0 6 1 2 . 0 4 1 2 . 0 3 1 2 . 0 3 1 2 . 0 7 0 . 0 1 6 4 1 2 . 0 5

9 0 0 C 1 1 2 . 0 3 1 2 . 0 5 1 2 . 0 6 1 2 . 0 3 1 2 . 0 7 1 2 . 0 2 0 . 0 1 9 7 1 2 . 0 4

9 5 0 C 1 1 1 . 9 4 1 1 . 9 4 1 1 . 9 7 1 1 . 9 6 1 1 . 9 8 1 1 . 9 8 0 . 0 1 8 3 1 1 . 9 6

1 0 0 0 C 1 1 1 . 9 1 1 1 . 9 2 1 1 . 9 5 1 1 . 9 1 1 1 . 9 2 1 1 . 9 5 0 . 0 1 8 6 1 1 . 9 3
 

A p p e n d i x H c o n t i n u e d .

3 8 9

 



 

T o o t h C 2 , H e i g h t i n m m
 

 

          

l 2 3 4 5 6 S T D E V A v e r a g e

0 C 2 1 3 . 1 0 1 2 . 9 7 1 3 . 0 3 1 2 . 9 6 1 2 . 9 5 1 2 . 9 9 0 . 0 5 6 6 1 3 . 0 0

5 0 C 2 1 2 . 1 1 1 2 . 1 3 1 2 . 1 2 1 2 . 1 4 1 2 . 1 0 1 2 . 1 0 . 0 1 6 3 1 2 . 1 2

1 0 0 C 2 1 1 . 8 0 1 1 . 7 7 1 1 . 7 5 1 1 . 7 6 1 1 . 8 0 1 1 . 7 9 0 . 0 2 1 4 1 1 . 7 8

1 5 0 C 2 1 1 . 4 5 1 1 . 4 2 1 1 . 4 3 1 1 . 4 4 1 1 . 4 3 1 1 . 4 3 0 . 0 1 0 3 1 1 . 4 3

2 0 0 C 2 1 1 3 6 ‘ 1 1 . 3 4 1 1 . 3 4 1 1 . 3 2 1 1 . 3 4 1 1 . 3 2 0 . 0 1 5 1 1 1 . 3 4

2 5 0 C 2 1 1 . 1 9 1 1 . 1 5 1 1 . 1 8 1 1 . 1 7 1 1 . 1 8 1 1 . 1 6 0 . 0 1 4 7 1 1 . 1 7

3 0 0 C 2 1 1 . 0 3 1 1 . 0 4 1 1 . 0 5 1 1 . 0 5 1 1 . 0 5 1 1 . 0 6 0 . 0 1 0 3 1 1 . 0 5

3 5 0 C 2 1 0 . 9 4 1 0 . 9 4 1 0 . 9 5 1 0 . 9 5 1 0 . 9 5 1 0 . 9 7 0 . 0 1 1 0 1 0 . 9 5

4 0 0 C 2 1 0 . 8 8 1 0 . 8 7 1 0 . 8 7 1 0 . 8 8 1 0 . 8 8 1 0 . 8 7 0 . 0 0 5 5 1 0 . 8 8

4 5 0 C 2 1 0 . 7 7 1 0 . 7 5 1 0 . 7 5 1 0 . 7 7 1 0 . 7 6 1 0 . 7 7 0 . 0 0 9 8 1 0 . 7 6

5 0 0 C 2 1 0 . 6 9 1 0 . 6 9 1 0 . 6 8 1 0 . 6 8 1 0 . 6 8 1 0 . 6 8 0 . 0 0 5 2 1 0 . 6 8

5 5 0 C 2 1 0 . 5 6 1 0 . 5 4 1 0 . 5 4 1 0 . 5 5 1 0 . 5 4 1 0 . 5 5 0 . 0 0 8 2 1 0 . 5 5

6 0 0 C 2 1 0 . 4 6 1 0 . 4 6 1 0 . 4 6 1 0 . 4 6 1 0 . 4 6 1 0 . 4 6 0 . 0 0 0 0 1 0 . 4 6

6 5 0 C 2 1 0 . 3 6 1 0 . 3 7 1 0 . 3 7 1 0 . 3 8 1 0 . 3 8 1 0 . 3 8 0 . 0 0 8 2 1 0 . 3 7

7 0 0 C 2 1 0 . 3 0 1 0 . 2 9 1 0 . 3 1 1 0 . 3 1 1 0 . 2 9 1 0 . 2 9 0 . 0 0 9 8 1 0 . 3 0

7 5 0 C 2 1 0 . 2 9 1 0 . 2 9 1 0 . 2 7 1 0 . 2 8 1 0 . 2 7 1 0 . 2 6 0 . 0 1 2 1 1 0 . 2 8

8 0 0 C 2 1 0 . 2 3 1 0 . 2 3 1 0 . 2 3 1 0 . 2 3 1 0 . 2 3 1 0 . 2 4 0 . 0 0 4 1 1 0 . 2 3

8 5 0 C 2 1 0 . 1 6 1 0 . 1 5 1 0 . 1 6 1 0 . 1 7 1 0 . 1 8 1 0 . 1 6 0 . 0 1 0 3 1 0 . 1 6

9 0 0 C 2 1 0 . 1 6 1 0 . 1 5 1 0 . 1 6 1 0 . 1 7 1 0 . 1 8 1 0 . 1 6 0 . 0 1 0 3 1 0 . 1 6

9 5 0 C 2 1 0 . 1 1 1 0 . 1 3 1 0 . 1 2 1 0 . 1 3 1 0 . 1 4 1 0 . 1 2 0 . 0 1 0 5 1 0 . 1 3

1 0 0 0 C 2 1 0 . 1 0 1 0 . 1 0 1 0 . 0 9 1 0 . 0 9 1 0 . 0 9 1 0 . 0 9 0 . 0 0 5 2 1 0 . 0 9
 

A p p e n d i x H c o n t i n u e d .

3 9 0

 



   

 

T o o t h C 3 , H e i g h t i n m m
 

 

           

1 2 3 4 5 6 S T D E V A v e r a g e

0 C 3 1 4 . 7 6 1 4 . 7 3 1 4 . 7 0 1 4 . 6 8 1 4 . 6 5 1 4 . 7 0 0 . 0 3 8 3 1 4 . 7 0

5 0 C 3 1 3 . 4 5 1 3 . 4 0 1 3 . 4 1 1 3 . 4 4 1 3 . 4 2 1 3 . 4 4 0 . 0 1 9 7 1 3 . 4 3

1 0 0 C 3 1 3 . 1 8 1 3 . 1 7 1 3 . 1 6 1 3 . 1 7 1 3 . 1 7 1 3 . 1 7 0 . 0 0 6 3 1 3 . 1 7

1 5 0 C 3 1 2 . 9 9 1 2 . 9 8 1 2 . 9 9 1 2 . 9 7 1 2 . 9 7 1 2 . 9 8 0 . 0 0 8 9 1 2 . 9 8

2 0 0 C 3 1 2 . 8 7 1 2 . 8 6 1 2 . 8 5 1 2 . 8 5 1 2 . 8 8 1 2 . 8 7 0 . 0 1 2 1 1 2 . 8 6

2 5 0 C 3 1 2 . 7 7 1 2 . 7 7 1 2 . 7 6 1 2 . 7 7 1 2 . 7 7 1 2 . 7 7 0 . 0 0 4 1 1 2 . 7 7

3 0 0 C 3 1 2 . 6 8 1 2 . 6 8 1 2 . 6 8 1 2 . 6 8 1 2 . 6 8 1 2 . 6 8 0 . 0 0 0 0 1 2 . 6 8

3 5 0 C 3 1 2 . 5 8 1 2 . 5 8 1 2 . 5 8 1 2 . 5 7 1 2 . 5 9 1 2 . 5 7 0 . 0 0 7 5 1 2 . 5 8

4 0 0 C 3 1 2 . 4 9 1 2 . 4 9 1 2 . 4 9 1 2 . 4 9 1 2 . 4 9 1 2 . 4 9 0 . 0 0 0 0 1 2 . 4 9

4 5 0 C 3 1 2 . 4 2 1 2 . 4 2 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 9 0 . 0 1 3 8 1 2 . 4 1

5 0 0 C 3 1 2 . 3 2 1 2 . 3 3 1 2 . 3 2 1 2 . 3 3 1 2 . 3 3 1 2 . 3 3 0 . 0 0 5 2 1 2 . 3 3

5 5 0 C 3 1 2 . 2 3 1 2 . 2 2 1 2 . 2 2 1 2 . 2 2 1 2 . 2 2 1 2 . 2 3 0 . 0 0 5 2 1 2 . 2 2

6 0 0 C 3 1 2 . 1 6 1 2 . 1 5 1 2 . 1 4 1 2 . 1 5 1 2 . 1 5 1 2 . 1 4 0 . 0 0 7 5 1 2 . 1 5

6 5 0 C 3 1 2 . 0 8 1 2 . 0 8 1 2 . 0 8 1 2 . 0 8 1 2 . 0 8 1 2 . 0 8 0 . 0 0 0 0 1 2 . 0 8

7 0 0 C 3 1 2 . 0 4 1 2 . 0 4 1 2 . 0 4 1 2 . 0 2 1 2 . 0 4 1 2 . 0 4 0 . 0 0 8 2 1 2 . 0 4

7 5 0 C 3 1 1 . 9 8 1 1 . 9 8 1 1 . 9 9 1 1 . 9 9 1 1 . 9 9 1 1 . 9 8 0 . 0 0 5 5 1 1 . 9 9

8 0 0 C 3 1 1 . 9 4 1 1 . 9 3 1 1 . 9 4 1 1 . 9 2 1 1 . 9 2 1 1 . 9 3 0 . 0 0 8 9 1 1 . 9 3

8 5 0 C 3 1 1 . 8 7 1 1 . 8 8 1 1 . 8 9 1 1 . 8 8 1 1 . 8 9 1 1 . 8 9 0 . 0 0 8 2 1 1 . 8 8

9 0 0 C 3 1 1 . 8 5 1 1 . 8 2 1 1 . 8 3 1 1 . 8 3 1 1 . 8 5 1 1 . 8 3 0 . 0 1 2 2 1 1 . 8 4

9 5 0 C 3 1 1 . 8 0 1 1 . 8 1 1 1 . 8 1 1 1 . 8 2 1 1 . 8 1 1 1 . 8 3 0 . 0 1 0 3 1 1 . 8 1

1 0 0 0 C 3 1 1 . 8 0 1 1 . 8 1 1 1 . 8 1 1 1 . 8 2 1 1 . 8 1 1 1 . 8 3 0 . 0 1 0 3 1 1 . 8 1

A p p e n d i x H c o n t i n u e d .

3 9 1

 



 

T o o t h D 1 H e i g h t i n m m
 

 

 

          

1 2 3 4 5 6 S T D E V A v e r a g e

0 D 1 1 3 . 1 6 1 3 . 3 2 1 3 . 3 5 1 3 . 2 8 1 3 . 2 7 1 3 . 1 7 0 . 0 7 7 8 1 3 . 2 6

5 0 D 1 1 2 . 2 5 1 2 . 2 6 1 2 . 2 6 1 2 . 2 7 1 2 . 2 2 1 2 . 2 4 0 . 0 1 7 9 1 2 . 2 5

1 0 0 D 1 1 1 . 7 1 1 1 . 7 1 1 1 . 7 0 1 1 . 7 2 1 1 . 7 1 1 1 . 7 0 0 . 0 0 7 5 1 1 . 7 1

1 5 0 D 1 1 1 . 3 7 1 1 . 3 7 1 1 . 3 7 1 1 . 3 6 1 1 . 3 5 1 1 . 3 9 0 . 0 1 3 3 1 1 . 3 7

2 0 0 D 1 1 1 . 2 0 1 1 . 2 0 1 1 . 1 9 1 1 . 2 1 1 1 . 2 0 1 1 . 2 0 0 . 0 0 6 3 1 1 . 2 0

2 5 0 D 1 1 1 . 1 0 1 1 . 1 0 1 1 . 0 9 1 1 . 1 0 1 1 . 0 8 1 1 . 0 8 0 . 0 0 9 8 1 1 . 0 9

3 0 0 D 1 1 1 . 0 1 1 1 . 0 1 1 1 . 0 1 1 1 . 0 1 1 1 . 0 1 1 1 . 0 1 0 . 0 0 0 0 1 1 . 0 1

3 5 0 D 1 1 0 . 9 0 1 0 . 9 0 1 0 . 8 9 1 0 . 8 9 1 0 . 8 9 1 0 . 8 9 0 . 0 0 5 2 1 0 . 8 9

4 0 0 D 1 1 0 . 7 9 1 0 . 7 7 1 0 . 7 8 1 0 . 7 8 1 0 . 7 8 1 0 . 7 7 0 . 0 0 7 5 1 0 . 7 8

4 5 0 D 1 1 0 . 6 8 1 0 . 6 8 1 0 . 6 7 1 0 . 6 8 1 0 . 6 8 1 0 . 6 8 0 . 0 0 4 1 1 0 . 6 8

5 0 0 D 1 1 0 . 5 9 1 0 . 5 9 1 0 . 5 9 1 0 . 6 0 1 0 . 5 9 1 0 . 5 9 0 . 0 0 4 1 1 0 . 5 9

5 5 0 D 1 1 0 . 4 8 1 0 . 4 9 1 0 . 4 9 1 0 . 4 9 1 0 . 4 9 1 0 . 4 9 0 . 0 0 4 1 1 0 . 4 9

6 0 0 D 1 1 0 . 4 0 1 0 . 4 1 1 0 . 4 0 1 0 . 4 0 1 0 . 4 0 1 0 . 4 0 0 . 0 0 4 1 1 0 . 4 0

6 5 0 D 1 1 0 . 3 1 1 0 . 3 2 1 0 . 3 1 1 0 . 3 2 1 0 . 3 1 1 0 . 3 2 0 . 0 0 5 5 1 0 . 3 2

7 0 0 D 1 1 0 . 2 6 1 0 . 2 4 1 0 . 2 5 1 0 . 2 4 1 0 . 2 5 1 0 . 2 6 0 . 0 0 8 9 1 0 . 2 5

7 5 0 D 1 1 0 . 1 9 1 0 . 1 9 1 0 . 1 9 1 0 . 1 9 1 0 . 1 8 1 0 . 1 9 0 . 0 0 4 1 1 0 . 1 9

8 0 0 D 1 1 0 . 1 0 1 0 . 1 0 1 0 . 0 9 1 0 . 1 0 1 0 . 1 1 1 0 . 1 1 0 . 0 0 7 5 1 0 . 1 0

8 5 0 D 1 1 0 . 0 7 1 0 . 0 6 1 0 . 0 5 1 0 . 0 5 1 0 . 0 4 1 0 . 0 4 0 . 0 1 1 7 1 0 . 0 5

9 0 0 D 1 9 . 9 6 9 . 9 9 9 . 9 8 9 . 9 9 9 . 9 8 9 . 9 8 0 . 0 1 1 0 9 . 9 8

9 5 0 D 1 9 . 9 2 9 . 9 0 9 . 9 0 9 . 9 0 9 . 9 1 9 . 9 1 0 . 0 0 8 2 9 . 9 1

1 0 0 0 D 1 9 . 8 7 9 . 8 7 9 . 8 6 9 . 8 6 9 . 8 4 9 . 8 3 0 . 0 1 6 4 9 . 8 6

A p p e n d i x H c o n t i n u e d .

3 9 2

 

 



 

 

 

          

T o o t h D 2 , H e i g h t i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 D 2 1 1 . 2 7 1 1 . 3 6 1 1 . 3 5 1 1 . 2 7 1 1 . 3 0 1 1 . 2 9 0 . 0 3 9 3 1 1 . 3 1

5 0 D 2 1 0 . 2 4 1 0 . 2 0 1 0 . 2 3 1 0 . 2 5 1 0 . 2 1 1 0 . 2 6 0 . 0 2 3 2 1 0 . 2 3

1 0 0 D 2 9 . 6 7 9 . 6 7 9 . 6 4 9 . 6 8 9 . 6 8 9 . 6 8 0 . 0 1 5 5 9 . 6 7

1 5 0 D 2 9 . 5 0 9 . 5 0 9 . 5 1 9 . 4 7 9 . 4 6 9 . 4 8 0 . 0 1 9 7 9 . 4 9

2 0 0 D 2 9 . 3 2 9 . 2 9 9 . 2 9 9 . 3 0 9 . 2 9 9 . 2 9 0 . 0 1 2 1 9 . 3 0

2 5 0 D 2 9 . 2 6 9 . 2 4 9 . 2 2 9 . 2 2 9 . 2 3 9 . 2 6 0 . 0 1 8 3 9 . 2 4

3 0 0 D 2 9 . 1 6 9 . 1 4 9 . 1 7 9 . 1 8 9 . 1 8 9 . 1 7 0 . 0 1 5 1 9 . 1 7

3 5 0 D 2 9 . 0 7 9 . 0 5 9 . 0 7 9 . 0 5 9 . 0 4 9 . 0 6 0 . 0 1 2 1 9 . 0 6

4 0 0 D 2 8 . 9 9 8 . 9 9 8 . 9 9 8 . 9 8 8 . 9 8 9 . 0 0 0 . 0 0 7 5 8 . 9 9

4 5 0 D 2 8 . 9 1 8 . 9 1 8 . 8 9 8 . 9 1 8 . 8 8 8 . 8 8 0 . 0 1 5 1 8 . 9 0

5 0 0 D 2 8 . 8 3 8 . 8 1 8 . 8 2 8 . 8 3 8 . 8 0 8 . 8 1 0 . 0 1 2 1 8 . 8 2

5 5 0 D 2 8 . 7 0 8 . 6 9 8 . 6 8 8 . 6 9 8 . 7 1 8 . 6 9 0 . 0 1 0 3 8 . 6 9

6 0 0 D 2 8 . 6 5 8 . 6 6 8 . 6 6 8 . 6 5 8 . 6 4 8 . 6 4 0 . 0 0 8 9 8 . 6 5

6 5 0 D 2 8 . 5 8 8 . 5 7 8 . 5 8 8 . 5 9 8 . 5 9 8 . 5 8 0 . 0 0 7 5 8 . 5 8

7 0 0 D 2 8 . 5 1 8 . 4 9 8 . 5 0 8 . 5 0 8 . 4 9 8 . 5 1 0 . 0 0 8 9 8 . 5 0

7 5 0 D 2 8 . 4 3 8 . 4 3 8 . 4 3 8 . 4 3 8 . 4 2 8 . 4 2 0 . 0 0 5 2 8 . 4 3

8 0 0 D 2 8 . 3 7 8 . 3 7 8 . 3 8 8 . 3 9 8 . 3 8 8 . 3 9 0 . 0 0 8 9 8 . 3 8

8 5 0 D 2 8 . 3 4 8 . 3 4 8 . 3 4 8 . 3 4 8 . 3 4 8 . 3 4 0 . 0 0 0 0 8 . 3 4

9 0 0 D 2 8 . 2 7 8 . 2 8 8 . 2 7 8 . 2 8 8 . 2 7 8 . 2 6 0 . 0 0 7 5 8 . 2 7

9 5 0 D 2 8 . 2 4 8 . 2 3 8 . 2 3 8 . 2 3 8 . 2 3 8 . 2 3 0 . 0 0 4 1 8 . 2 3

1 0 0 0 D 2 8 . 1 9 8 . 1 7 8 . 1 6 8 . 1 8 8 . 1 7 8 . 1 6 0 . 0 1 1 7 8 . 1 7
 

A p p e n d i x H c o n t i n u e d .
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T o o t h D 3 , H e i g h t i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 D 3 1 9 . 3 9 1 9 . 4 5 1 9 . 3 4 1 9 . 4 2 1 9 . 4 8 1 9 . 4 1 0 . 0 4 8 5 1 9 . 4 2

5 0 D 3 1 7 . 2 3 1 7 . 2 2 1 7 . 2 1 1 7 . 2 2 1 7 . 2 1 1 7 . 2 3 0 . 0 0 8 9 1 7 . 2 2

1 0 0 D 3 1 6 . 1 9 1 6 . 2 0 1 6 . 1 9 1 6 . 1 9 1 6 . 1 7 1 6 . 1 6 0 . 0 1 5 1 1 6 . 1 8

1 5 0 D 3 1 5 . 6 8 1 5 . 6 5 1 5 . 6 7 1 5 . 6 6 1 5 . 6 5 1 5 . 6 5 0 . 0 1 2 6 1 5 . 6 6

2 0 0 D 3 1 5 . 4 7 1 5 . 4 5 1 5 . 4 5 1 5 . 4 5 1 5 . 4 5 1 5 . 4 4 0 . 0 0 9 8 1 5 . 4 5

2 5 0 D 3 1 5 . 3 5 1 5 . 3 7 1 5 . 3 5 1 5 . 3 0 1 5 . 3 3 1 5 . 3 6 0 . 0 2 5 0 1 5 . 3 4

3 0 0 D 3 1 5 . 2 7 1 5 . 2 9 1 5 . 2 8 1 5 . 2 9 1 5 . 2 7 1 5 . 3 0 0 . 0 1 2 1 1 5 . 2 8

3 5 0 D 3 1 5 . 0 8 1 5 . 0 9 1 5 . 1 1 1 5 . 1 1 1 5 . 0 8 1 5 . 1 1 0 . 0 1 5 1 1 5 . 1 0

4 0 0 D 3 1 5 . 0 8 1 5 . 0 8 1 5 . 0 8 1 5 . 0 8 1 5 . 0 7 1 5 . 0 6 0 . 0 0 8 4 1 5 . 0 8

4 5 0 D 3 1 4 . 9 2 1 4 . 9 4 1 4 . 9 5 1 4 . 9 1 1 4 . 9 5 1 4 . 9 7 0 . 0 2 1 9 1 4 . 9 4

5 0 0 D 3 1 4 . 9 0 1 4 . 8 7 1 4 . 8 8 1 4 . 8 8 1 4 . 8 9 1 4 . 8 7 0 . 0 1 1 7 1 4 . 8 8

5 5 0 D 3 1 4 . 8 0 1 4 . 7 7 1 4 . 7 8 1 4 . 7 8 1 4 . 8 0 1 4 . 8 0 0 . 0 1 3 3 1 4 . 7 9

6 0 0 D 3 1 4 . 7 6 1 4 . 7 7 1 4 . 7 7 1 4 . 7 6 1 4 . 7 5 1 4 . 7 6 0 . 0 0 7 5 1 4 . 7 6

6 5 0 D 3 1 4 . 6 8 1 4 . 6 9 1 4 . 7 0 1 4 . 7 1 1 4 . 7 1 1 4 . 7 1 0 . 0 1 2 6 1 4 . 7 0

7 0 0 D 3 1 4 . 5 4 1 5 . 5 3 1 4 . 5 2 1 4 . 5 5 1 4 . 5 4 1 4 . 5 3 0 . 4 0 5 9 1 4 . 7 0

7 5 0 D 3 1 4 . 5 4 1 5 . 5 3 1 4 . 5 2 1 4 . 5 5 1 4 . 5 4 1 4 . 5 3 0 . 4 0 5 9 1 4 . 7 0

8 0 0 D 3 1 4 . 5 4 1 5 . 5 3 1 4 . 5 2 1 4 . 5 5 1 4 . 5 4 1 4 . 5 3 0 . 4 0 5 9 1 4 . 7 0

8 5 0 D 3 1 4 . 4 8 1 4 . 4 9 1 4 . 4 7 1 4 . 4 7 1 4 . 4 7 1 4 . 4 7 0 . 0 0 8 4 1 4 . 4 8

9 0 0 D 3 1 4 . 4 8 1 4 . 4 9 1 4 . 4 7 1 4 . 4 7 1 4 . 4 7 1 4 . 4 7 0 . 0 0 8 4 1 4 . 4 8

9 5 0 D 3 1 4 . 4 2 1 4 . 4 3 1 4 . 4 5 1 4 . 4 1 1 4 . 4 1 1 4 . 4 2 0 . 0 1 5 1 1 4 . 4 2

1 0 0 0 D 3 1 4 . 3 8 1 4 . 4 1 1 4 . 4 1 1 4 . 4 0 1 4 . 4 2 1 4 . 4 1 0 . 0 1 3 8 1 4 . 4 1
 

A p p e n d i x H c o n t i n u e d .
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T o o t h E l , H e i g h t i n m m

I 1 2 3 4 5 6 S T D E V A v e r a g e
0 E 1 1 5 . 5 2 1 5 . 6 1 1 5 . 4 8 1 5 . 7 2 1 5 . 6 7 1 5 . 6 4 0 . 0 9 1 1 1 5 . 6 1

5 0 E 1 1 3 . 6 2 1 3 . 6 1 1 3 . 6 1 1 3 . 6 1 1 3 . 6 0 1 3 . 6 3 0 . 0 1 0 3 1 3 . 6 1

1 0 0 E 1 1 3 . 2 6 1 3 . 3 1 1 3 . 2 7 1 3 . 3 1 1 3 . 3 2 1 3 . 3 0 0 . 0 2 4 3 1 3 . 3 0

1 5 0 E 1 1 3 . 0 9 1 3 . 0 8 1 3 . 1 1 1 3 . 1 3 1 3 . 1 1 1 3 . 1 2 0 . 0 1 8 6 1 3 . 1 1

2 0 0 E 1 1 2 . 9 8 1 3 . 0 0 1 3 . 0 0 1 3 . 0 0 1 2 . 9 9 1 3 . 0 0 0 . 0 0 8 4 1 3 . 0 0

2 5 0 E 1 1 2 . 8 8 1 2 . 9 1 1 2 . 8 8 1 2 . 8 6 1 2 . 8 8 1 2 . 9 0 0 . 0 1 7 6 1 2 . 8 9

3 0 0 E 1 1 2 . 8 5 1 2 . 8 5 1 2 . 8 5 1 2 . 8 6 1 2 . 8 6 1 2 . 8 6 0 . 0 0 5 5 1 2 . 8 6

3 5 0 E 1 1 2 . 7 5 1 2 . 7 4 1 2 . 7 4 1 2 . 7 5 1 2 . 7 5 1 2 . 7 5 0 . 0 0 5 2 1 2 . 7 5

4 0 0 E 1 1 2 . 6 9 1 2 . 6 9 1 2 . 6 5 1 2 . 6 6 1 2 . 6 6 1 2 . 6 8 0 . 0 1 7 2 1 2 . 6 7

4 5 0 E 1 1 2 . 6 1 1 2 . 5 8 1 2 . 5 7 1 2 . 6 1 1 2 . 5 9 1 2 . 6 1 0 . 0 1 7 6 1 2 . 6 0

5 0 0 E l 1 2 . 5 8 1 2 . 5 7 1 2 . 5 6 1 2 . 5 7 1 2 . 5 6 1 2 . 5 8 0 . 0 0 8 9 1 2 . 5 7

5 5 0 E 1 1 2 . 3 8 1 2 . 3 8 1 2 . 4 0 1 2 . 4 1 1 2 . 4 0 1 2 . 4 0 0 . 0 1 2 2 1 2 . 4 0

6 0 0 E 1 1 2 . 3 6 1 2 . 3 7 1 2 . 3 7 1 2 . 3 7 1 2 . 3 6 1 2 . 3 6 0 . 0 0 5 5 1 2 . 3 7

6 5 0 E 1 1 2 . 3 0 1 2 . 3 0 1 2 . 3 0 1 2 . 3 0 1 2 . 2 9 1 2 . 2 9 0 . 0 0 5 2 1 2 . 3 0

7 0 0 E 1 1 2 . 2 3 1 2 . 2 2 1 2 . 2 4 1 2 . 2 3 1 2 . 2 2 1 2 . 2 2 0 . 0 0 8 2 1 2 . 2 3

7 5 0 E 1 1 2 . 1 8 1 2 . 1 9 1 2 . 1 9 1 2 . 2 0 1 2 . 1 9 1 2 . 1 8 0 . 0 0 7 5 1 2 . 1 9

8 0 0 E 1 1 2 . 1 1 1 2 . 1 2 1 2 . 1 3 1 2 . 1 1 1 2 . 1 2 1 2 . 1 1 0 . 0 0 8 2 1 2 . 1 2

8 5 0 E 1 1 2 . 0 7 1 2 . 0 6 1 2 . 0 8 1 2 . 0 7 1 2 . 0 7 1 2 . 0 7 0 . 0 0 6 3 1 2 . 0 7

9 0 0 E 1 1 1 . 9 9 1 2 . 0 2 1 2 . 0 3 1 2 . 0 1 1 1 . 9 9 1 2 . 0 2 0 . 0 1 6 7 1 2 . 0 1

9 5 0 E 1 1 1 . 9 7 1 2 . 0 0 1 1 . 9 9 1 1 . 9 7 1 1 . 9 7 1 2 . 0 0 0 . 0 1 5 1 1 1 . 9 8

1 0 0 0 E 1 1 1 . 9 7 1 2 . 0 0 1 1 . 9 9 1 1 . 9 7 1 1 . 9 7 1 2 . 0 0 0 . 0 1 5 1 1 1 . 9 8

A p p e n d i x H c o n t i n u e d .
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T o o t h E 2 , H e i g h t i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 E 2 1 8 . 4 2 1 8 . 4 3 1 8 . 3 8 1 8 . 4 1 1 8 . 4 1 1 8 . 4 1 0 . 0 1 6 7 1 8 . 4 1

5 0 E 2 1 6 . 3 2 1 6 . 3 1 1 6 . 3 1 1 6 . 3 1 1 6 . 3 1 1 6 . 3 1 0 . 0 0 4 1 1 6 . 3 1

1 0 0 E 2 1 5 . 5 1 1 5 . 5 0 1 5 . 5 0 1 5 . 5 1 1 5 . 5 2 1 5 . 5 1 0 . 0 0 7 5 1 5 . 5 1

1 5 0 E 2 1 5 . 1 2 1 5 . 1 2 1 5 . 1 3 1 5 . 1 3 1 5 . 1 2 1 5 . 1 3 0 . 0 0 5 5 1 5 . 1 3

2 0 0 E 2 1 4 . 8 4 1 4 . 8 5 1 4 . 8 4 1 4 . 8 5 1 4 . 8 2 1 4 . 8 6 0 . 0 1 3 7 1 4 . 8 4

2 5 0 E 2 1 4 . 5 8 1 4 . 5 7 1 4 . 5 7 1 4 . 5 5 1 4 . 5 5 1 4 . 5 6 0 . 0 1 2 1 1 4 . 5 6

3 0 0 E 2 1 4 . 3 1 1 4 . 3 0 1 4 . 3 1 1 4 . 3 1 1 4 . 3 3 1 4 . 3 2 0 . 0 1 0 3 1 4 . 3 1

3 5 0 E 2 1 4 . 1 5 1 4 . 1 4 1 4 . 1 6 1 4 . 1 4 1 4 . 1 6 1 4 . 1 5 0 . 0 0 8 9 1 4 . 1 5

4 0 0 E 2 1 3 . 9 7 1 3 . 9 8 1 3 . 9 8 1 3 . 9 8 1 3 . 9 8 1 3 . 9 6 0 . 0 0 8 4 1 3 . 9 8

4 5 0 E 2 1 3 . 7 8 1 3 . 7 9 1 3 . 7 9 1 3 . 7 9 1 3 . 7 9 1 3 . 7 9 0 . 0 0 4 1 1 3 . 7 9

5 0 0 E 2 1 3 . 6 6 1 3 . 6 6 1 3 . 6 5 1 3 . 6 4 1 3 . 6 5 1 3 . 6 4 0 . 0 0 8 9 1 3 . 6 5

5 5 0 E 2 1 3 . 3 6 1 3 . 3 4 1 3 . 3 6 1 3 . 3 7 1 3 . 3 6 1 3 . 3 5 0 . 0 1 0 3 1 3 . 3 6

6 0 0 E 2 1 3 . 2 2 1 3 . 2 3 1 3 . 2 3 1 3 . 2 3 1 3 . 2 3 1 3 . 2 1 0 . 0 0 8 4 1 3 . 2 3

6 5 0 E 2 1 3 . 0 8 1 3 . 0 9 1 3 . 1 1 1 3 . 1 0 1 3 . 0 9 1 3 . 1 1 0 . 0 1 2 1 1 3 . 1 0

7 0 0 E 2 1 2 . 9 9 1 3 . 0 1 1 2 . 9 8 1 2 . 9 8 1 3 . 0 0 1 3 . 0 0 0 . 0 1 2 1 1 2 . 9 9

7 5 0 E 2 1 2 . 9 5 1 2 . 9 5 1 2 . 9 5 1 2 . 9 4 1 2 . 9 6 1 2 . 9 5 0 . 0 0 6 3 1 2 . 9 5

8 0 0 E 2 1 2 . 8 8 1 2 . 8 6 1 2 . 8 7 1 2 . 8 9 1 2 . 8 7 1 2 . 8 7 0 . 0 1 0 3 1 2 . 8 7

8 5 0 E 2 1 2 . 8 4 1 2 . 8 5 1 2 . 8 6 1 2 . 8 5 1 2 . 8 6 1 2 . 8 4 0 . 0 0 8 9 1 2 . 8 5

9 0 0 E 2 1 2 . 8 4 1 2 . 8 5 1 2 . 8 2 1 2 . 8 5 1 2 . 8 4 1 2 . 8 4 0 . 0 1 1 0 1 2 . 8 4

9 5 0 E 2 1 2 . 7 9 1 2 . 8 0 1 2 . 7 9 1 2 . 8 0 1 2 . 8 0 1 2 . 7 8 0 . 0 0 8 2 1 2 . 7 9

1 0 0 0 E 2 1 2 . 7 9 1 2 . 7 9 1 2 . 7 9 1 2 . 7 9 1 2 . 7 9 1 2 . 7 9 0 . 0 0 0 0 1 2 . 7 9

A p p e n d i x H c o n t i n u e d .
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T o o t h E 3 , H e i g h t i n m m

| 1 2 3 4 5 6 S T D E V A v e r a g e
0 E 3 1 8 . 4 9 1 8 . 3 9 1 8 . 4 6 1 8 . 4 8 1 8 . 4 2 1 8 . 5 4 0 . 0 5 3 2 1 8 . 4 6

5 0 E 3 1 6 . 4 0 1 6 . 4 0 1 6 . 3 8 1 6 . 4 0 1 6 . 3 7 1 6 . 4 0 0 . 0 1 3 3 1 6 . 3 9

1 0 0 E 3 1 5 . 6 0 1 5 . 6 1 1 5 . 5 9 1 5 . 6 1 1 5 . 6 0 1 5 . 6 2 0 . 0 1 0 5 1 5 . 6 1

1 5 0 E 3 1 5 . 3 4 1 5 . 3 5 1 5 . 3 5 1 5 . 3 6 1 5 . 3 4 1 5 . 3 4 0 . 0 0 8 2 1 5 . 3 5

2 0 0 E 3 1 5 . 2 7 1 5 . 2 5 1 5 . 2 4 1 5 . 2 6 1 5 . 2 4 1 5 . 2 5 0 . 0 1 1 7 1 5 . 2 5

2 5 0 E 3 1 5 . 1 1 1 5 . 1 4 1 5 . 1 2 1 5 . 1 2 1 5 . 1 5 1 5 . 1 5 0 . 0 1 7 2 1 5 . 1 3

3 0 0 E 3 1 5 . 0 2 1 5 . 0 2 1 5 . 0 3 1 5 . 0 4 1 5 . 0 4 1 5 . 0 1 0 . 0 1 2 1 1 5 . 0 3

3 5 0 E 3 1 4 . 8 8 1 4 . 8 9 1 4 . 8 9 1 4 . 8 8 1 4 . 8 9 1 4 . 8 9 0 . 0 0 5 2 1 4 . 8 9

4 0 0 E 3 1 4 . 7 5 1 4 . 7 7 1 4 . 7 7 1 4 . 7 6 1 4 . 7 6 1 4 . 7 5 0 . 0 0 8 9 1 4 . 7 6

4 5 0 E 3 1 4 . 6 1 1 4 . 6 3 1 4 . 6 2 1 4 . 6 2 1 4 . 6 4 1 4 . 6 3 0 . 0 1 0 5 1 4 . 6 3

5 0 0 E 3 1 4 . 5 1 1 4 . 5 3 1 4 . 5 4 1 4 . 5 1 1 4 . 5 3 1 4 . 5 2 0 . 0 1 2 1 1 4 . 5 2

5 5 0 E 3 1 4 . 3 5 1 4 . 3 4 1 4 . 3 3 1 4 . 3 4 1 4 . 3 5 1 4 . 3 4 0 . 0 0 7 5 1 4 . 3 4

6 0 0 E 3 1 4 . 2 1 1 4 . 2 1 1 4 . 2 0 1 4 . 2 0 1 4 . 2 2 1 4 . 2 0 0 . 0 0 8 2 1 4 . 2 1

6 5 0 E 3 1 4 . 1 0 1 4 . 1 0 1 4 . 1 0 1 4 . 1 0 1 4 . 1 1 1 4 . 0 9 0 . 0 0 6 3 1 4 . 1 0

7 0 0 E 3 1 3 . 9 9 1 4 . 0 0 1 3 . 9 8 1 3 . 9 9 1 4 . 0 0 1 3 . 9 9 0 . 0 0 7 5 1 3 . 9 9

7 5 0 E 3 1 3 . 9 1 1 3 . 8 9 1 3 . 8 9 1 3 . 9 0 1 3 . 9 0 1 3 . 9 0 0 . 0 0 7 5 1 3 . 9 0

8 0 0 E 3 1 3 . 8 4 1 3 . 8 4 1 3 . 8 4 1 3 . 8 3 1 3 . 8 3 1 3 . 8 3 0 . 0 0 5 5 1 3 . 8 4

8 5 0 E 3 1 3 . 8 1 1 3 . 7 9 1 3 . 8 1 1 3 . 8 1 1 3 . 8 0 1 3 . 8 0 0 . 0 0 8 2 1 3 . 8 0

9 0 0 E 3 1 3 . 7 3 1 3 . 7 2 1 3 . 7 3 1 3 . 7 0 1 3 . 7 2 1 3 . 7 2 0 . 0 1 1 0 1 3 . 7 2

9 5 0 E 3 1 3 . 7 1 1 3 . 7 2 1 3 . 7 1 1 3 . 7 1 1 3 . 7 1 1 3 . 7 1 0 . 0 0 4 1 1 3 . 7 1

1 0 0 0 E 3 1 3 . 6 9 1 3 . 7 0 1 3 . 7 1 1 3 . 7 1 1 3 . 7 1 1 3 . 7 0 0 . 0 0 8 2 1 3 . 7 0

A p p e n d i x H c o n t i n u e d .
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T o o t h F 1 , H e i g h t i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 F 1 1 0 . 8 0 1 0 . 8 1 1 0 . 7 7 1 0 . 7 8 1 0 . 7 8 1 0 . 7 9 0 . 0 1 4 7 1 0 . 7 9

5 0 F 1 1 0 . 1 7 1 0 . 2 2 1 0 . 2 1 1 0 . 1 8 1 0 . 2 1 1 0 . 1 9 0 . 0 1 9 7 1 0 . 2 0

1 0 0 F 1 9 . 8 5 9 . 8 6 9 . 8 7 9 . 8 7 9 . 8 5 9 . 8 6 0 . 0 0 8 9 9 . 8 6

1 5 0 F 1 9 . 7 3 9 . 7 3 9 . 7 2 9 . 7 2 9 . 7 1 9 . 7 2 0 . 0 0 7 5 9 . 7 2

2 0 0 F 1 9 . 5 6 9 . 5 5 9 . 5 6 9 . 5 5 9 . 5 6 9 . 5 5 0 . 0 0 5 5 9 . 5 6

2 5 0 F 1 9 . 4 7 9 . 4 7 9 . 4 7 9 . 4 6 9 . 4 4 9 . 4 6 0 . 0 1 1 7 9 . 4 6

3 0 0 F 1 9 . 4 1 9 . 4 2 9 . 4 2 9 . 4 2 9 . 4 2 9 . 4 1 0 . 0 0 5 2 9 . 4 2

3 5 0 F 1 9 . 2 9 9 . 3 2 9 . 3 0 9 . 3 1 9 . 3 0 9 . 3 0 0 . 0 1 0 3 9 . 3 0

4 0 0 F 1 9 . 2 1 9 . 2 1 9 . 2 1 9 . 2 2 9 . 2 1 9 . 2 1 0 . 0 0 4 1 9 . 2 1

4 5 0 F 1 9 . 1 2 9 . 1 3 9 . 1 2 9 . 1 3 9 . 1 2 9 . 1 2 0 . 0 0 5 2 9 . 1 2

5 0 0 F 1 9 . 0 7 9 . 0 7 9 . 0 7 9 . 0 7 9 . 0 7 9 . 0 6 0 . 0 0 4 1 9 . 0 7

5 5 0 F 1 8 . 9 3 8 . 9 3 8 . 9 5 8 . 9 6 8 . 9 5 8 . 9 3 0 . 0 1 3 3 8 . 9 4

6 0 0 F 1 8 . 8 6 8 . 9 0 8 . 8 9 8 . 9 0 8 . 8 9 8 . 8 8 0 . 0 1 5 1 8 . 8 9

6 5 0 F 1 8 . 8 3 8 . 8 3 8 . 8 5 8 . 8 4 8 . 8 6 8 . 8 5 0 . 0 1 2 1 8 . 8 4

7 0 0 F 1 8 . 8 1 8 . 8 0 8 . 7 9 8 . 8 0 8 . 7 9 8 . 8 0 0 . 0 0 7 5 8 . 8 0

7 5 0 F 1 8 . 7 4 8 . 7 4 8 . 7 5 8 . 7 4 8 . 7 4 8 . 7 4 0 . 0 0 4 1 8 . 7 4

8 0 0 F 1 8 . 6 8 8 . 6 8 8 . 6 9 8 . 6 8 8 . 6 9 8 . 6 9 0 . 0 0 5 5 8 . 6 9

8 5 0 F 1 8 . 6 4 8 . 6 5 8 . 6 3 8 . 6 4 8 . 6 2 8 . 6 2 0 . 0 1 2 1 8 . 6 3

9 0 0 F 1 8 . 5 9 8 . 6 0 8 . 6 0 8 . 5 9 8 . 5 9 8 . 5 9 0 . 0 0 5 2 8 . 5 9

9 5 0 F 1 8 . 5 3 8 . 5 3 8 . 5 4 8 . 5 3 8 . 5 3 8 . 5 4 0 . 0 0 5 2 8 . 5 3

1 0 0 0 1 F 1 8 . 5 0 8 . 5 1 8 . 5 1 8 . 5 0 8 . 5 1 8 . 5 1 0 . 0 0 5 2 8 . 5 1
 

A p p e n d i x H c o n t i n u e d .

3 9 8

 



 

T o o t h F 2 , H e i g h t i n m m
 

 

         

I 1 2 3 4 5 6 S T D E V A v e r a g e

0 F 2 1 6 . 2 8 1 6 . 3 7 1 6 . 3 4 1 6 . 1 8 1 6 . 2 7 1 6 . 2 8 0 . 0 6 5 6 1 6 . 2 9

5 0 F 2 1 4 . 8 6 1 4 . 8 3 1 4 . 8 3 1 4 . 8 3 1 4 . 8 6 1 4 . 8 5 0 . 0 1 5 1 1 4 . 8 4

1 0 0 F 2 1 4 . 2 9 1 4 . 3 0 1 4 . 2 9 1 4 . 2 9 1 4 . 2 7 1 4 . 2 6 0 . 0 1 5 1 1 4 . 2 8

1 5 0 F 2 1 3 . 8 7 1 3 . 8 7 1 3 . 8 6 1 3 . 8 6 1 3 . 8 7 1 3 . 8 5 0 . 0 0 8 2 1 3 . 8 6

2 0 0 F 2 1 3 . 7 4 1 3 . 7 2 1 3 . 7 2 1 3 . 7 4 1 3 . 7 1 1 3 . 7 3 0 . 0 1 2 1 1 3 . 7 3

2 5 0 F 2 1 3 . 5 9 1 3 . 6 0 1 3 . 5 9 1 3 . 5 7 1 3 . 6 0 1 3 . 6 1 0 . 0 1 3 7 1 3 . 5 9

3 0 0 F 2 1 3 . 5 9 1 3 . 6 0 1 3 . 5 9 1 3 . 5 7 1 3 . 6 0 1 3 . 6 1 0 . 0 1 3 7 1 3 . 5 9

3 5 0 F 2 1 3 . 4 2 1 3 . 4 2 1 3 . 4 0 1 3 . 4 4 1 3 . 4 1 1 3 . 4 1 0 . 0 1 3 7 1 3 . 4 2

4 0 0 F 2 1 3 . 2 9 1 3 . 3 0 1 3 . 3 1 1 3 . 2 9 1 3 . 2 9 1 3 . 2 9 0 . 0 0 8 4 1 3 . 3 0

4 5 0 F 2 1 3 . 2 1 1 3 . 2 0 1 3 . 2 0 1 3 . 1 8 1 3 . 1 9 1 3 . 1 8 0 . 0 1 2 1 1 3 . 1 9

5 0 0 F 2 1 3 . 0 9 1 3 . 0 6 1 3 . 0 8 1 3 . 0 8 1 3 . 0 8 1 3 . 0 7 0 . 0 1 0 3 1 3 . 0 8

5 5 0 F 2 1 2 . 9 9 1 2 . 9 9 1 3 . 0 0 1 3 . 0 0 1 2 . 9 9 1 3 . 0 0 0 . 0 0 5 5 1 3 . 0 0

6 0 0 F 2 1 2 . 9 3 1 2 . 9 2 1 2 . 9 3 1 2 . 9 3 1 2 . 9 2 1 2 . 9 2 0 . 0 0 5 5 1 2 . 9 3

6 5 0 F 2 1 2 . 8 6 1 2 . 8 7 1 2 . 8 6 1 2 . 8 4 1 2 . 8 3 1 2 . 8 2 0 . 0 1 9 7 1 2 . 8 5

7 0 0 F 2 1 2 . 8 0 1 2 . 8 0 1 2 . 8 1 1 2 . 8 1 1 2 . 8 2 1 2 . 8 2 0 . 0 0 8 9 1 2 . 8 1

7 5 0 F 2 1 2 . 7 5 1 2 . 7 6 1 2 . 7 6 1 2 . 7 6 1 2 . 7 6 1 2 . 7 5 0 . 0 0 5 2 1 2 . 7 6

8 0 0 F 2 1 2 . 6 7 1 2 . 6 8 1 2 . 6 7 1 2 . 6 7 1 2 . 6 6 1 2 . 6 7 0 . 0 0 6 3 1 2 . 6 7

8 5 0 F 2 1 2 . 5 8 1 2 . 5 7 1 2 . 5 8 1 2 . 5 9 1 2 . 5 8 1 2 . 6 0 0 . 0 1 0 3 1 2 . 5 8

9 0 0 F 2 1 2 . 5 8 1 2 . 5 7 1 2 . 5 8 1 2 . 5 9 1 2 . 5 8 1 2 . 6 0 0 . 0 1 0 3 1 2 . 5 8

9 5 0 F 2 1 2 . 5 5 1 2 . 5 4 1 2 . 5 5 1 2 . 5 5 1 2 . 5 5 1 2 . 5 5 0 . 0 0 4 1 1 2 . 5 5

1 0 0 0 F 2 1 2 . 5 4 1 2 . 5 3 1 2 . 5 2 1 2 . 5 3 1 2 . 5 2 1 2 . 5 1 0 . 0 1 0 5 1 2 . 5 3
 

A p p e n d i x H c o n t i n u e d .

3 9 9

 



 

T o o t h F 3 , H e i g h t i n m m
 

 

 

          
 

1 2 3 4 5 6 S T D E V A v e r a g e

0 F 3 1 2 . 3 5 1 2 . 2 9 1 2 . 1 5 1 2 . 2 7 1 2 . 2 3 1 2 . 2 3 0 . 0 6 7 4 1 2 . 2 5

5 0 F 3 1 1 . 5 7 1 1 . 6 1 1 1 . 5 8 1 1 . 5 9 1 1 . 5 7 1 1 . 5 9 0 . 0 1 5 2 1 1 . 5 9

1 0 0 F 3 1 1 . 1 9 1 1 . 1 9 1 1 . 1 8 1 1 . 2 4 1 1 . 2 3 1 1 . 2 6 0 . 0 3 2 7 1 1 . 2 2

1 5 0 F 3 1 1 . 0 0 1 1 . 0 1 1 1 . 0 2 1 1 . 0 0 1 1 . 0 2 1 0 . 9 9 0 . 0 1 2 1 1 1 . 0 1

2 0 0 F 3 1 0 . 9 3 1 0 . 9 4 1 0 . 9 6 1 0 . 9 5 1 0 . 9 3 1 0 . 9 3 0 . 0 1 2 6 1 0 . 9 4

2 5 0 F 3 1 0 . 8 4 1 0 . 8 6 1 0 . 8 5 1 0 . 8 6 1 0 . 8 6 1 0 . 8 6 0 . 0 0 8 4 1 0 . 8 6

3 0 0 F 3 1 0 . 8 4 1 0 . 8 6 1 0 . 8 5 1 0 . 8 6 1 0 . 8 6 1 0 . 8 6 0 . 0 0 8 4 1 0 . 8 6

3 5 0 F 3 1 0 . 7 7 1 0 . 7 5 1 0 . 7 8 1 0 . 7 7 1 0 . 7 6 1 0 . 7 6 0 . 0 1 0 5 1 0 . 7 7

4 0 0 F 3 1 0 . 7 1 1 0 . 7 1 1 0 . 7 2 1 0 . 7 1 1 0 . 7 1 1 0 . 7 0 0 . 0 0 6 3 1 0 . 7 1

4 5 0 F 3 1 0 . 6 1 1 0 . 6 3 1 0 . 6 1 1 0 . 6 2 1 0 . 6 1 1 0 . 6 0 0 . 0 1 0 3 1 0 . 6 1

5 0 0 F 3 1 0 . 5 7 1 0 . 5 6 1 0 . 5 9 1 0 . 5 9 1 0 . 5 9 1 0 . 6 0 0 . 0 1 5 1 1 0 . 5 8

5 5 0 F 3 1 0 . 5 4 1 0 . 5 2 1 0 . 5 4 1 0 . 5 4 1 0 . 5 4 1 0 . 5 2 0 . 0 1 0 3 1 0 . 5 3

6 0 0 F 3 1 0 . 4 0 1 0 . 4 2 1 0 . 4 2 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 0 . 0 1 1 0 1 0 . 4 2

6 5 0 F 3 1 0 . 4 0 1 0 . 4 1 1 0 . 3 9 1 0 . 3 9 1 0 . 4 1 1 0 . 4 0 0 . 0 0 8 9 1 0 . 4 0

7 0 0 F 3 1 0 . 3 4 1 0 . 3 5 1 0 . 3 6 1 0 . 3 6 1 0 . 3 8 1 0 . 3 8 0 . 0 1 6 0 1 0 . 3 6

7 5 0 F 3 1 0 . 3 2 1 0 . 3 3 1 0 . 3 3 1 0 . 3 3 1 0 . 3 4 1 0 . 3 2 0 . 0 0 7 5 1 0 . 3 3

8 0 0 F 3 1 0 . 2 4 1 0 . 2 6 1 0 . 2 6 1 0 . 2 7 1 0 . 2 5 1 0 . 2 6 0 . 0 1 0 3 1 0 . 2 6

8 5 0 F 3 1 0 . 1 7 1 0 . 1 6 1 0 . 1 7 1 0 . 1 6 1 0 . 1 5 1 0 . 1 6 0 . 0 0 7 5 1 0 . 1 6

9 0 0 F 3 1 0 . 1 7 1 0 . 1 6 1 0 . 1 7 1 0 . 1 6 1 0 . 1 5 1 0 . 1 6 0 . 0 0 7 5 1 0 . 1 6

9 5 0 F 3 1 0 . 1 1 1 0 . 1 3 1 0 . 1 3 1 0 . 1 3 1 0 . 1 3 1 0 . 1 3 0 . 0 0 8 2 1 0 . 1 3

1 0 0 0 F 3 1 0 . 0 8 1 0 . 0 9 1 0 . 0 8 1 0 . 0 9 1 0 . 0 8 1 0 . 0 7 0 . 0 0 7 5 1 0 . 0 8

A p p e n d i x H c o n t i n u e d .

4 0 0



 

T o o t h G 1 , H e i g h t i n m m
 

 

 

         

1 2 3 4 5 6 S T D E V A v e r a g e

0 G 1 1 2 . 9 5 1 2 . 9 7 1 3 . 0 2 1 2 . 9 0 1 2 . 9 9 1 2 . 9 7 0 . 0 4 0 3 1 2 . 9 7

5 0 G 1 1 2 . 0 7 1 2 . 0 6 1 2 . 0 6 1 2 . 0 6 1 2 . 0 5 1 2 . 0 6 0 . 0 0 6 3 1 2 . 0 6

1 0 0 G 1 1 1 . 8 4 1 1 . 8 2 1 1 . 8 3 1 1 . 8 1 1 1 . 8 1 1 1 . 8 2 0 . 0 1 1 7 1 1 . 8 2

1 5 0 G 1 1 1 . 6 7 1 1 . 6 8 1 1 . 7 0 1 1 . 7 0 1 1 . 7 0 1 1 . 6 9 0 . 0 1 2 6 1 1 . 6 9

2 0 0 G 1 1 1 . 6 0 1 1 . 5 9 1 1 . 6 0 1 1 . 5 8 1 1 . 5 9 1 1 . 5 8 0 . 0 0 8 9 1 1 . 5 9

2 5 0 G 1 1 1 . 4 2 1 1 . 4 3 1 1 . 4 2 1 1 . 4 1 1 1 . 4 2 1 1 . 4 2 0 . 0 0 6 3 1 1 . 4 2

3 0 0 G 1 1 1 . 3 2 1 1 . 3 2 1 1 . 3 2 1 1 . 3 2 1 1 . 3 2 1 1 . 3 2 0 . 0 0 0 0 1 1 . 3 2

3 5 0 G 1 1 1 . 2 3 1 1 . 2 3 1 1 . 2 2 1 1 . 2 2 1 1 . 2 2 1 1 . 2 2 0 . 0 0 5 2 1 1 . 2 2

4 0 0 G 1 1 1 . 1 1 1 1 . 1 1 1 1 . 1 1 1 1 . 1 1 1 1 . 1 1 1 1 . 1 1 0 . 0 0 0 0 1 1 . 1 1

4 5 0 G 1 1 1 . 0 3 1 1 . 0 3 1 1 . 0 3 1 1 . 0 3 1 1 . 0 3 1 1 . 0 3 0 . 0 0 0 0 1 1 . 0 3

5 0 0 G 1 1 0 . 9 7 1 0 . 9 6 1 0 . 9 7 1 0 . 9 6 1 0 . 9 6 1 0 . 9 5 0 . 0 0 7 5 1 0 . 9 6

5 5 0 G 1 1 0 . 8 2 1 0 . 8 3 1 0 . 8 3 1 0 . 8 3 1 0 . 8 4 1 0 . 8 3 0 . 0 0 6 3 1 0 . 8 3

6 0 0 G 1 1 0 . 7 5 1 0 . 7 7 1 0 . 7 6 1 0 . 7 7 1 0 . 7 5 1 0 . 7 5 0 . 0 0 9 8 1 0 . 7 6

6 5 0 G 1 1 0 . 7 3 1 0 . 7 3 1 0 . 7 2 1 0 . 7 2 1 0 . 7 2 1 0 . 7 3 0 . 0 0 5 5 1 0 . 7 3

7 0 0 G 1 1 0 . 6 7 1 0 . 6 6 1 0 . 6 5 1 0 . 6 6 1 0 . 6 4 1 0 . 6 5 0 . 0 1 0 5 1 0 . 6 6

7 5 0 G 1 1 0 . 5 9 1 0 . 5 9 1 0 . 5 8 1 0 . 6 0 1 0 . 5 8 1 0 . 5 9 0 . 0 0 7 5 1 0 . 5 9

8 0 0 G 1 1 0 . 5 2 1 0 . 5 4 1 0 . 5 3 1 0 . 5 4 1 0 . 5 3 1 0 . 5 3 0 . 0 0 7 5 1 0 . 5 3

8 5 0 G 1 1 0 . 5 1 1 0 . 5 1 1 0 . 5 0 1 0 . 5 2 1 0 . 5 0 1 0 . 5 1 0 . 0 0 7 5 1 0 . 5 1

9 0 0 G 1 1 0 . 4 8 1 0 . 4 7 1 0 . 4 8 1 0 . 4 8 1 0 . 4 8 1 0 . 5 1 0 . 0 1 3 7 1 0 . 4 8

9 5 0 G 1 1 0 . 4 2 1 0 . 4 3 1 0 . 4 2 1 0 . 4 3 1 0 . 4 4 1 0 . 4 3 0 . 0 0 7 5 1 0 . 4 3

1 0 0 0 G 1 1 0 . 4 2 1 0 . 4 2 1 0 . 4 1 1 0 . 4 1 1 0 . 4 2 1 0 . 4 1 0 . 0 0 5 5 1 0 . 4 2
 

A p p e n d i x H c o n t i n u e d .

4 0 1

 



 

T o o t h G 2 g H e i g h t i n m m
 

 

          

1 2 3 4 5 6 S T D E V A v e r a g e

0 G 2 1 5 . 1 1 1 5 . 0 3 1 5 . 1 0 1 5 . 1 3 1 5 . 0 7 1 5 . 1 3 0 . 0 3 8 9 1 5 . 1 0

5 0 G 2 1 3 . 8 7 1 3 . 8 6 1 3 . 8 5 1 3 . 8 5 1 3 . 8 5 1 3 . 8 7 0 . 0 0 9 8 1 3 . 8 6

1 0 0 G 2 1 3 . 2 9 1 3 . 2 9 1 3 . 2 9 1 3 . 2 8 1 3 . 2 9 1 3 . 2 7 0 . 0 0 8 4 1 3 . 2 9

1 5 0 G 2 1 2 . 8 8 1 2 . 8 9 1 2 . 8 9 1 2 . 8 5 1 2 . 9 0 1 2 . 9 0 0 . 0 1 8 7 1 2 . 8 9

2 0 0 G 2 1 2 . 6 0 1 2 . 6 3 1 2 . 6 1 1 2 . 6 2 1 2 . 6 3 1 2 . 6 3 0 . 0 1 2 6 1 2 . 6 2

2 5 0 G 2 1 2 . 3 9 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 9 1 2 . 3 7 0 . 0 1 0 3 1 2 . 3 9

3 0 0 G 2 1 2 . 1 8 1 2 . 1 7 1 2 . 1 8 1 2 . 1 8 1 2 . 1 7 1 2 . 1 8 0 . 0 0 5 2 1 2 . 1 8

3 5 0 G 2 1 1 . 9 6 1 1 . 9 7 1 2 . 0 0 1 1 . 9 8 1 1 . 9 9 1 1 . 9 6 0 . 0 1 6 3 1 1 . 9 8

4 0 0 G 2 1 1 . 8 7 1 1 . 8 5 1 1 . 8 5 1 1 . 8 4 1 1 . 8 5 1 1 . 8 4 0 . 0 1 1 0 1 1 . 8 5

4 5 0 G 2 1 1 . 7 2 1 1 . 7 2 1 1 . 7 3 1 1 . 7 3 1 1 . 7 2 1 1 . 7 2 0 . 0 0 5 2 1 1 . 7 2

5 0 0 G 2 1 1 . 6 0 1 1 . 6 1 1 1 . 6 0 1 1 . 6 0 1 1 . 6 0 1 1 . 6 0 0 . 0 0 4 1 1 1 . 6 0

5 5 0 G 2 1 1 . 4 5 1 1 . 4 5 1 1 . 4 3 1 1 . 4 3 1 1 . 4 4 1 1 . 4 5 0 . 0 0 9 8 1 1 . 4 4

6 0 0 G 2 1 1 . 3 4 1 1 . 3 5 1 1 . 3 4 1 1 . 3 4 1 1 . 3 4 1 1 . 3 4 0 . 0 0 4 1 1 1 . 3 4

6 5 0 G 2 1 1 . 2 5 1 1 . 2 7 1 1 . 2 7 1 1 . 2 5 1 1 . 2 6 1 1 . 2 5 0 . 0 0 9 8 1 1 . 2 6

7 0 0 G 2 1 1 . 1 6 1 1 . 1 5 1 1 . 1 5 1 1 . 1 5 1 1 . 1 5 1 1 . 1 5 0 . 0 0 4 1 1 1 . 1 5

7 5 0 G 2 1 0 . 9 1 1 0 . 9 1 1 0 . 9 1 1 0 . 9 1 1 0 . 9 1 1 0 . 9 1 0 . 0 0 0 0 1 0 . 9 1

8 0 0 G 2 1 1 . 0 5 1 1 . 0 4 1 1 . 0 3 1 1 . 0 2 1 1 . 0 2 1 1 . 0 2 0 . 0 1 2 6 1 1 . 0 3

8 5 0 G 2 1 0 . 8 1 1 0 . 8 2 1 0 . 8 2 1 0 . 8 1 1 0 . 8 1 1 0 . 8 1 0 . 0 0 5 2 1 0 . 8 1

9 0 0 G 2 1 0 . 7 7 1 0 . 7 8 1 0 . 7 7 1 0 . 7 9 1 0 . 7 6 1 0 . 7 7 0 . 0 1 0 3 1 0 . 7 7

9 5 0 G 2 1 0 . 7 2 1 0 . 7 1 1 0 . 7 0 1 0 . 7 2 1 0 . 7 2 1 0 . 7 2 0 . 0 0 8 4 1 0 . 7 2

1 0 0 0 G 2 1 0 . 6 1 1 0 . 5 8 1 0 . 5 9 1 0 . 5 9 1 0 . 6 2 1 0 . 6 2 0 . 0 1 7 2 1 0 . 6 0
 

A p p e n d i x H c o n t i n u e d .

4 0 2

 



 

T o o t h G 3 , H e i g h t i n m m
 

 

 

 

     

1 2 3 4 5 6 S T D E V A v e r a g e

0 G 3 1 4 . 8 5 1 4 . 8 0 1 4 . 6 8 1 4 . 8 1 1 4 . 7 8 1 4 . 7 8 0 . 0 5 6 8 1 4 . 7 8

5 0 G 3 1 3 . 9 0 1 3 . 8 7 1 3 . 9 0 1 3 . 8 9 1 3 . 9 1 1 3 . 8 9 0 . 0 1 3 7 1 3 . 8 9

1 0 0 G 3 1 3 . 4 6 1 3 . 4 5 1 3 . 4 7 1 3 . 4 6 1 3 . 4 6 1 3 . 4 6 0 . 0 0 6 3 1 3 . 4 6

1 5 0 G 3 1 3 . 1 1 1 3 . 1 1 1 3 . 1 0 1 3 . 1 0 1 3 . 2 2 1 3 . 1 4 0 . 0 4 6 5 1 3 . 1 3

2 0 0 G 3 1 2 . 8 7 1 2 . 8 9 1 2 . 8 5 1 2 . 8 6 1 2 . 8 7 1 2 . 8 7 0 . 0 1 3 3 1 2 . 8 7

2 5 0 G 3 1 2 . 6 7 1 2 . 6 5 1 2 . 6 5 1 2 . 6 8 1 2 . 6 8 1 2 . 6 8 0 . 0 1 4 7 1 2 . 6 7

3 0 0 G 3 1 2 . 5 0 1 2 . 5 0 1 2 . 5 2 1 2 . 5 1 1 2 . 5 1 1 2 . 5 2 0 . 0 0 8 9 1 2 . 5 1

3 5 0 G 3 1 2 . 3 8 1 2 . 3 9 1 2 . 3 8 1 2 . 3 9 1 2 . 3 7 1 2 . 3 9 0 . 0 0 8 2 1 2 . 3 8

4 0 0 G 3 1 2 . 2 5 1 2 . 2 6 1 2 . 2 5 1 2 . 2 5 1 2 . 2 6 1 2 . 2 4 0 . 0 0 7 5 1 2 . 2 5

4 5 0 G 3 1 2 . 1 2 1 2 . 1 1 1 2 . 1 0 1 2 . 1 2 1 2 . 1 1 1 2 . 1 1 0 . 0 0 7 5 1 2 . 1 1

5 0 0 G 3 1 1 . 9 6 1 1 . 9 7 1 1 . 9 6 1 1 . 9 8 1 1 . 9 6 1 1 . 9 7 0 . 0 0 8 2 1 1 . 9 7

5 5 0 G 3 1 1 . 8 1 1 1 . 8 2 1 1 . 8 2 1 1 . 8 3 1 1 . 8 2 1 1 . 8 2 0 . 0 0 6 3 1 1 . 8 2

6 0 0 G 3 1 1 . 7 3 1 1 . 7 4 1 1 . 7 3 1 1 . 7 4 1 1 . 7 5 1 1 . 7 4 0 . 0 0 7 5 1 1 . 7 4

6 5 0 G 3 1 1 . 6 4 1 1 . 6 5 1 1 . 6 4 1 1 . 6 5 1 1 . 6 5 1 1 . 6 5 0 . 0 0 5 2 1 1 . 6 5

7 0 0 G 3 1 1 . 5 5 1 1 . 5 6 1 1 . 5 6 1 1 . 5 6 1 1 . 5 7 1 1 . 5 7 0 . 0 0 7 5 1 1 . 5 6

7 5 0 G 3 1 1 . 4 7 1 1 . 4 7 1 1 . 4 8 1 1 . 4 7 1 1 . 4 8 1 1 . 4 7 0 . 0 0 5 2 1 1 . 4 7

8 0 0 G 3 1 1 . 3 9 1 1 . 4 0 1 1 . 4 0 1 1 . 4 0 1 1 . 4 1 1 1 . 4 0 0 . 0 0 6 3 1 1 . 4 0

8 5 0 G 3 1 1 . 3 5 1 1 . 3 5 1 1 . 3 6 1 1 . 3 5 1 1 . 3 5 1 1 . 3 5 0 . 0 0 4 1 1 1 . 3 5

9 0 0 G 3 1 1 . 3 1 1 1 . 3 0 1 1 . 3 1 1 1 . 3 0 1 1 . 3 1 1 1 . 3 1 0 . 0 0 5 2 1 1 . 3 1

9 5 0 G 3 1 1 . 2 8 1 1 . 2 7 1 1 . 2 6 1 1 . 2 6 1 1 . 2 7 1 1 . 2 6 0 . 0 0 8 2 1 1 . 2 7

1 0 0 0 G 3 1 1 . 2 4 1 1 . 2 4 1 1 . 2 3 1 1 . 2 3 1 1 . 2 4 1 1 . 2 4 0 . 0 0 5 2 1 1 . 2 4

A p p e n d i x H c o n t i n u e d .

4 0 3

 



 

T o o t h H 1 , H e i g h t i n m m
 

 

          

1 2 3 4 5 6 S T D E V A v e r a g e

0 H 1 1 2 . 3 1 1 2 . 2 9 1 2 . 2 9 1 2 . 2 8 1 2 . 2 2 1 2 . 2 2 0 . 0 3 8 7 1 2 . 2 7

5 0 H 1 1 1 . 0 3 1 1 . 0 3 1 1 . 0 5 1 1 . 0 2 1 1 . 0 3 1 1 . 0 4 0 . 0 1 0 3 1 1 . 0 3

1 0 0 H 1 1 0 . 6 3 1 0 . 6 3 1 0 . 6 5 1 0 . 6 2 1 0 . 6 2 1 0 . 6 4 0 . 0 1 1 7 1 0 . 6 3

1 5 0 H 1 1 0 . 4 5 1 0 . 4 4 1 0 . 4 3 1 0 . 4 4 1 0 . 4 3 1 0 . 4 4 0 . 0 0 7 5 1 0 . 4 4

2 0 0 H 1 1 0 . 3 1 1 0 . 3 1 1 0 . 3 2 1 0 . 3 2 1 0 . 3 1 1 0 . 3 1 0 . 0 0 5 2 1 0 . 3 1

2 5 0 H 1 1 0 . 2 3 1 0 . 2 2 1 0 . 2 2 1 0 . 2 2 1 0 . 2 4 1 0 . 2 3 0 . 0 0 8 2 1 0 . 2 3

3 0 0 H 1 1 0 . 1 8 1 0 . 1 6 1 0 . 1 8 1 0 . 1 6 1 0 . 1 8 1 0 . 1 6 0 . 0 1 1 0 1 0 . 1 7

3 5 0 H 1 1 0 . 0 5 1 0 . 0 6 1 0 . 0 6 1 0 . 0 5 1 0 . 0 7 1 0 . 0 6 0 . 0 0 7 5 1 0 . 0 6

4 0 0 H 1 9 . 9 4 9 . 9 4 9 . 9 4 9 . 9 4 9 . 9 4 9 . 9 5 0 . 0 0 4 1 9 . 9 4

4 5 0 H 1 9 . 8 4 9 . 8 4 9 . 8 3 9 . 8 2 9 . 8 3 9 . 8 2 0 . 0 0 8 9 9 . 8 3

5 0 0 H 1 9 . 7 2 9 . 7 1 9 . 7 2 9 . 7 2 9 . 7 2 9 . 7 2 0 . 0 0 4 1 9 . 7 2

5 5 0 H 1 9 . 6 3 9 . 6 3 9 . 6 3 9 . 6 3 9 . 6 3 9 . 6 3 0 . 0 0 0 0 9 . 6 3

6 0 0 H 1 9 . 5 8 9 . 5 9 9 . 5 8 9 . 5 8 9 . 5 7 9 . 5 7 0 . 0 0 7 5 9 . 5 8

6 5 0 H 1 9 . 5 4 9 . 5 4 9 . 5 3 9 . 5 2 9 . 5 3 9 . 5 2 0 . 0 0 8 9 9 . 5 3

7 0 0 H 1 9 . 5 0 9 . 5 0 9 . 4 9 9 . 4 8 9 . 4 8 9 . 4 9 0 . 0 0 8 9 9 . 4 9

7 5 0 H 1 9 . 4 2 9 . 4 3 9 . 4 3 9 . 4 4 9 . 4 3 9 . 4 4 0 . 0 0 7 5 9 . 4 3

8 0 0 H 1 9 . 4 0 9 . 3 9 9 . 4 0 9 . 3 9 9 . 3 8 9 . 3 8 0 . 0 0 8 9 9 . 3 9

8 5 0 H 1 9 . 3 4 9 . 3 2 9 . 3 4 9 . 3 2 9 . 3 3 9 . 3 3 0 . 0 0 8 9 9 . 3 3

9 0 0 H 1 9 . 2 8 9 . 2 8 9 . 2 8 9 . 2 8 9 . 2 8 9 . 2 8 0 . 0 0 0 0 9 . 2 8

9 5 0 H 1 9 . 2 5 9 . 2 4 9 . 2 2 9 . 2 4 9 . 2 4 9 . 2 3 0 . 0 1 0 3 9 . 2 4

1 0 0 0 H 1 9 . 2 0 9 . 2 1 9 . 2 1 9 . 2 1 9 . 2 1 9 . 2 3 0 . 0 0 9 8 9 . 2 1
 

A p p e n d i x H c o n t i n u e d .

4 0 4

 



 

T o o t h H 2 , H e i g h t i n m m
 

 

 

          

1 2 3 4 5 6 S T D E V A v e r a g e

0 H 2 1 1 . 6 3 1 1 . 6 2 1 1 . 6 9 1 1 . 8 3 1 1 . 8 4 1 1 . 6 8 0 . 0 9 6 9 1 1 . 7 2

5 0 H 2 1 1 . 2 2 1 1 . 2 3 1 1 . 2 2 1 1 . 2 0 1 1 . 2 1 1 1 . 2 2 0 . 0 1 0 3 1 1 . 2 2

1 0 0 H 2 1 0 . 8 8 1 0 . 9 3 1 0 . 9 0 1 0 . 9 4 1 0 . 9 1 1 0 . 9 4 0 . 0 2 4 2 1 0 . 9 2

1 5 0 H 2 1 0 . 5 9 1 0 . 6 1 1 0 . 6 3 1 0 . 6 4 1 0 . 5 9 1 0 . 5 9 0 . 0 2 2 3 1 0 . 6 1

2 0 0 H 2 1 0 . 5 2 1 0 . 5 3 1 0 . 5 3 1 0 . 5 3 1 0 . 5 5 1 0 . 5 6 0 . 0 1 5 1 1 0 . 5 4

2 5 0 H 2 1 0 . 4 2 1 0 . 4 3 1 0 . 4 1 1 0 . 4 0 1 0 . 4 0 1 0 . 4 2 0 . 0 1 2 1 1 0 . 4 1

3 0 0 H 2 1 0 . 3 0 1 0 . 3 3 1 0 . 3 3 1 0 . 3 2 1 0 . 3 3 1 0 . 3 2 0 . 0 1 1 7 1 0 . 3 2

3 5 0 H 2 1 0 . 1 9 1 0 . 2 1 1 0 . 1 8 1 0 . 1 8 1 0 . 1 8 1 0 . 1 8 0 . 0 1 2 1 1 0 . 1 9

4 0 0 H 2 9 . 9 9 9 . 9 9 1 0 . 0 1 1 0 . 0 2 1 0 . 0 2 1 0 . 0 1 0 . 0 1 3 7 1 0 . 0 1

4 5 0 H 2 9 . 8 1 9 . 8 2 9 . 8 3 9 . 8 3 9 . 8 3 9 . 8 1 0 . 0 0 9 8 9 . 8 2

5 0 0 H 2 9 . 7 7 9 . 7 6 9 . 7 6 9 . 7 7 9 . 7 5 9 . 7 7 0 . 0 0 8 2 9 . 7 6

5 5 0 H 2 9 . 6 4 9 . 6 1 9 . 6 3 9 . 6 2 9 . 6 3 9 . 6 1 0 . 0 1 2 1 9 . 6 2

6 0 0 H 2 9 . 6 0 9 . 6 0 9 . 6 1 9 . 5 9 9 . 5 8 9 . 5 7 0 . 0 1 4 7 9 . 5 9

6 5 0 H 2 9 . 5 2 9 . 5 4 9 . 5 3 9 . 5 4 9 . 5 4 9 . 5 5 0 . 0 1 0 3 9 . 5 4

7 0 0 H 2 9 . 4 9 9 . 4 9 9 . 5 0 9 . 4 9 9 . 4 8 9 . 4 9 0 . 0 0 6 3 9 . 4 9

7 5 0 H 2 9 . 4 4 9 . 4 2 9 . 4 2 9 . 4 3 9 . 4 2 9 . 4 2 0 . 0 0 8 4 9 . 4 3

8 0 0 H 2 9 . 3 5 9 . 3 7 9 . 3 6 9 . 3 4 9 . 3 6 9 . 3 4 0 . 0 1 2 1 9 . 3 5

8 5 0 H 2 9 . 2 6 9 . 2 6 9 . 2 8 9 . 2 7 9 . 2 7 9 . 2 8 0 . 0 0 8 9 9 . 2 7

9 0 0 H 2 9 . 2 2 9 . 2 1 9 . 2 1 9 . 2 2 9 . 2 1 9 . 2 2 0 . 0 0 5 5 9 . 2 2

9 5 0 H 2 9 . 2 0 9 . 2 0 9 . 2 0 9 . 2 0 9 . 1 9 9 . 1 9 0 . 0 0 5 2 9 . 2 0

1 0 0 0 H 2 9 . 1 7 9 . 1 6 9 . 1 6 9 . 1 6 9 . 1 6 9 . 1 6 0 . 0 0 4 1 9 . 1 6

A p p e n d i x H c o n t i n u e d .

4 0 5

 



 

T o o t h H 3 , H e i g h t i n m m
 

 

         

| 1 2 3 4 5 6 S T D E V A v e r a g e
0 H 3 1 5 . 2 2 1 5 . 1 9 1 5 . 2 0 1 5 . 1 9 1 5 . 1 6 1 5 . 1 2 0 . 0 3 5 2 1 5 . 1 8
5 0 H 3 1 4 . 0 7 1 4 . 0 6 1 4 . 0 4 1 4 . 0 4 1 4 . 0 6 1 4 . 0 4 0 . 0 1 3 3 1 4 . 0 5
1 0 0 H 3 1 3 . 5 7 1 3 . 5 7 1 3 . 5 8 1 3 . 5 8 1 3 . 5 8 1 3 . 5 7 0 . 0 0 5 5 1 3 . 5 8
1 5 0 H 3 1 3 . 2 2 1 3 . 2 4 1 3 . 2 3 1 3 . 2 0 1 3 . 2 0 1 3 . 3 0 0 . 0 3 7 1 1 3 . 2 3
2 0 0 H 3 1 3 . 0 0 1 3 . 0 0 1 3 . 0 5 1 3 . 0 5 1 3 . 0 2 1 3 . 0 2 0 . 0 2 2 5 1 3 . 0 2
2 5 0 H 3 1 2 . 8 4 1 2 . 8 3 1 2 . 8 2 1 2 . 8 5 1 2 . 8 4 1 2 . 8 4 0 . 0 1 0 3 1 2 . 8 4
3 0 0 H 3 1 2 . 7 8 1 2 . 7 7 1 2 . 7 8 1 2 . 7 8 1 2 . 7 7 1 2 . 7 8 0 . 0 0 5 2 1 2 . 7 8
3 5 0 H 3 1 2 . 5 2 1 2 . 5 1 1 2 . 5 2 1 2 . 5 2 1 2 . 5 1 1 2 . 5 2 0 . 0 0 5 2 1 2 . 5 2
4 0 0 H 3 1 2 . 3 0 1 2 . 2 9 1 2 . 2 9 1 2 . 2 8 1 2 . 2 8 1 2 . 2 8 0 . 0 0 8 2 1 2 . 2 9
4 5 0 H 3 1 2 . 0 9 1 2 . 0 7 1 2 . 0 9 1 2 . 0 9 1 2 . 0 8 1 2 . 0 7 0 . 0 0 9 8 1 2 . 0 8
5 0 0 H 3 1 1 . 9 2 1 1 . 9 2 1 1 . 9 3 1 1 . 9 3 1 1 . 9 2 1 1 . 9 3 0 . 0 0 5 5 1 1 . 9 3
5 5 0 H 3 1 1 . 7 4 1 1 . 7 3 1 1 . 7 5 1 1 . 7 7 1 1 . 7 7 1 1 . 7 8 0 . 0 1 9 7 1 1 . 7 6
6 0 0 H 3 1 1 . 6 5 1 1 . 6 6 1 1 . 6 7 1 1 . 6 7 1 1 . 6 6 1 1 . 6 7 0 . 0 0 8 2 1 1 . 6 6
6 5 0 H 3 1 1 . 5 9 1 1 . 6 0 1 1 . 6 1 1 1 . 5 9 1 1 . 5 9 1 1 . 6 0 0 . 0 0 8 2 1 1 . 6 0
7 0 0 H 3 1 1 . 5 4 1 1 . 5 3 1 1 . 5 3 1 1 . 5 4 1 1 . 5 3 1 1 . 5 4 0 . 0 0 5 5 1 1 . 5 4
7 5 0 H 3 1 1 . 4 4 1 1 . 4 5 1 1 . 4 6 1 1 . 4 4 1 1 . 4 5 1 1 . 4 4 0 . 0 0 8 2 1 1 . 4 5
8 0 0 H 3 1 1 . 3 5 1 1 . 3 8 1 1 . 3 7 1 1 . 3 8 1 1 . 3 9 1 1 . 3 8 0 . 0 1 3 8 1 1 . 3 8
8 5 0 H 3 1 1 . 2 9 1 1 . 3 0 1 1 . 3 0 1 1 . 3 1 1 1 . 2 9 1 1 . 2 9 0 . 0 0 8 2 1 1 . 3 0
9 0 0 H 3 1 1 . 2 5 1 1 . 2 5 1 1 . 2 4 1 1 . 2 4 1 1 . 2 5 1 1 . 2 4 0 . 0 0 5 5 1 1 . 2 5
9 5 0 H 3 1 1 . 1 9 1 1 . 2 1 1 1 . 2 2 1 1 . 2 0 1 1 . 2 2 1 1 . 2 0 0 . 0 1 2 1 1 1 . 2 1
1 0 0 0 H 3 1 1 . 1 4 1 1 . 1 4 1 1 . 2 0 1 1 . 2 0 1 1 . 1 8 1 1 . 1 9 0 . 0 2 8 1 1 1 . 1 8
 

A p p e n d i x H c o n t i n u e d .

4 0 6

 



 

T o o t h A 4 , H e i g h t i n m m
 

 

           

1 2 3 4 5 6 S T D E V A v e r a g e

0 A 4 3 . 6 0 3 . 6 5 3 . 3 9 3 . 4 2 3 . 4 3 3 . 5 0 0 . 1 0 5 7 3 . 5 0

5 0 A 4 3 . 4 3 3 . 4 9 3 . 4 9 3 . 4 9 3 . 4 9 3 . 5 0 0 . 0 2 5 6 3 . 4 8

1 0 0 A 4 3 . 4 8 3 . 4 8 3 . 4 9 3 . 5 0 3 . 4 8 3 . 4 9 0 . 0 0 8 2 3 . 4 9

1 5 0 A 4 3 . 3 1 3 . 3 1 3 . 3 0 3 . 2 9 3 . 3 0 3 . 3 1 0 . 0 0 8 2 3 . 3 0

2 0 0 A 4 3 . 3 1 3 . 3 1 3 . 3 0 3 . 2 9 3 . 3 0 3 . 3 1 0 . 0 0 8 2 3 . 3 0

2 5 0 A 4 3 . 3 0 3 . 2 9 3 . 2 9 3 . 2 8 3 . 3 0 3 . 3 1 0 . 0 1 0 5 3 . 3 0

3 0 0 A 4 3 . 3 1 3 . 2 9 3 . 2 9 3 . 2 8 3 . 2 9 3 . 2 9 0 . 0 0 9 8 3 . 2 9

3 5 0 A 4 3 . 3 1 3 . 2 9 3 . 2 9 3 . 2 8 3 . 2 9 3 . 2 9 0 . 0 0 9 8 3 . 2 9

4 0 0 A 4 3 . 3 1 3 . 2 9 3 . 2 9 3 . 2 8 3 . 2 9 3 . 2 9 0 . 0 0 9 8 3 . 2 9

4 5 0 A 4 3 . 3 1 3 . 2 9 3 . 2 9 3 . 2 8 3 . 2 9 3 . 2 9 0 . 0 0 9 8 3 . 2 9

5 0 0 A 4 3 . 3 1 3 . 2 9 3 . 2 9 3 . 2 8 3 . 2 9 3 . 2 9 0 . 0 0 9 8 3 . 2 9

5 5 0 A 4 3 . 3 1 3 . 2 9 3 . 2 9 3 . 2 8 3 . 2 9 3 . 2 9 0 . 0 0 9 8 3 . 2 9

6 0 0 A 4 3 . 3 1 3 . 2 9 3 . 2 9 3 . 2 8 3 . 2 9 3 . 2 9 0 . 0 0 9 8 3 . 2 9

6 5 0 A 4 3 . 3 1 3 . 2 9 3 . 2 9 3 . 2 8 3 . 2 9 3 . 2 9 0 . 0 0 9 8 3 . 2 9

7 0 0 A 4 3 . 3 1 3 . 2 9 3 . 2 9 3 . 2 8 3 . 2 9 3 . 2 9 0 . 0 0 9 8 3 . 2 9

7 5 0 A 4 3 . 2 5 3 . 2 7 3 . 2 8 3 . 2 7 3 . 2 6 3 . 2 7 0 . 0 1 0 3 3 . 2 7

8 0 0 A 4 3 . 2 5 3 . 2 7 3 . 2 8 3 . 2 7 3 . 2 6 3 . 2 7 0 . 0 1 0 3 3 . 2 7

8 5 0 A 4 3 . 2 5 3 . 2 7 3 . 2 8 3 . 2 7 3 . 2 6 3 . 2 7 0 . 0 1 0 3 3 . 2 7

9 0 0 A 4 3 . 2 5 3 . 2 7 3 . 2 8 3 . 2 7 3 . 2 6 3 . 2 7 0 . 0 1 0 3 3 . 2 7

9 5 0 A 4 3 . 2 5 3 . 2 7 3 . 2 8 3 . 2 7 3 . 2 6 3 . 2 7 0 . 0 1 0 3 3 . 2 7

1 0 0 0 A 4 3 . 2 5 3 . 2 7 3 . 2 8 3 . 2 7 3 . 2 6 3 . 2 7 0 . 0 1 0 3 3 . 2 7

A p p e n d i x H c o n t i n u e d .

4 0 7

 



 

T o o t h B 4 , H e i g h t i n m m
 

 

          

1 2 3 4 5 6 S T D E V A v e r a g e

0 B 4 3 . 4 6 3 . 5 3 3 . 5 8 3 . 5 8 3 . 4 4 3 . 5 3 0 . 0 5 9 0 3 . 5 2

5 0 B 4 3 . 2 1 3 . 2 2 3 . 2 3 3 . 2 2 3 . 2 2 3 . 2 2 0 . 0 0 6 3 3 . 2 2

1 0 0 B 4 3 . 2 0 3 . 2 1 3 . 2 2 3 . 2 0 3 . 2 0 3 . 2 0 0 . 0 0 8 4 3 . 2 1

1 5 0 B 4 3 . 1 9 3 . 1 9 3 . 1 8 3 . 1 8 3 . 1 8 3 . 1 7 0 . 0 0 7 5 3 . 1 8

2 0 0 B 4 3 . 1 6 3 . 1 6 3 . 1 4 3 . 1 4 3 . 1 7 3 . 1 5 0 . 0 1 2 1 3 . 1 5

2 5 0 B 4 3 . 0 7 3 . 0 6 3 . 0 7 3 . 0 5 3 . 0 6 3 . 0 4 0 . 0 1 1 7 3 . 0 6

3 0 0 B 4 3 . 0 7 3 . 0 6 3 . 0 7 3 . 0 5 3 . 0 6 3 . 0 4 0 . 0 1 1 7 3 . 0 6

3 5 0 B 4 3 . 0 7 3 . 0 6 3 . 0 7 3 . 0 5 3 . 0 6 3 . 0 4 0 . 0 1 1 7 3 . 0 6

4 0 0 B 4 3 . 0 0 3 . 0 1 3 . 0 2 3 . 0 1 3 . 0 1 3 . 0 1 0 . 0 0 6 3 3 . 0 1

4 5 0 B 4 3 . 0 0 3 . 0 1 3 . 0 2 3 . 0 1 3 . 0 1 3 . 0 1 0 . 0 0 6 3 3 . 0 1

5 0 0 B 4 3 . 0 0 3 . 0 1 3 . 0 2 3 . 0 1 3 . 0 1 3 . 0 1 0 . 0 0 6 3 3 . 0 1

5 5 0 B 4 3 . 0 0 3 . 0 1 3 . 0 2 3 . 0 1 3 . 0 1 3 . 0 1 0 . 0 0 6 3 3 . 0 1

6 0 0 B 4 3 . 0 0 3 . 0 1 3 . 0 2 3 . 0 1 3 . 0 1 3 . 0 1 0 . 0 0 6 3 3 . 0 1

6 5 0 B 4 3 . 0 0 3 . 0 1 3 . 0 2 3 . 0 1 3 . 0 1 3 . 0 1 0 . 0 0 6 3 3 . 0 1

7 0 0 B 4 3 . 0 0 3 . 0 1 3 . 0 2 3 . 0 1 3 . 0 1 3 . 0 1 0 . 0 0 6 3 3 . 0 1

7 5 0 B 4 3 . 0 0 3 . 0 1 3 . 0 2 3 . 0 1 3 . 0 1 3 . 0 1 0 . 0 0 6 3 3 . 0 1

8 0 0 B 4 3 . 0 0 3 . 0 1 3 . 0 2 3 . 0 1 3 . 0 1 3 . 0 1 0 . 0 0 6 3 3 . 0 1

8 5 0 B 4 3 . 0 0 3 . 0 1 3 . 0 2 3 . 0 1 3 . 0 1 3 . 0 1 0 . 0 0 6 3 3 . 0 1

9 0 0 B 4 3 . 0 0 3 . 0 1 3 . 0 2 3 . 0 1 3 . 0 1 3 . 0 1 0 . 0 0 6 3 3 . 0 1

9 5 0 B 4 3 . 0 0 3 . 0 1 3 . 0 2 3 . 0 1 3 . 0 1 3 . 0 1 0 . 0 0 6 3 3 . 0 1

1 0 0 0 | B 4 3 . 0 0 3 . 0 1 3 . 0 2 3 . 0 1 3 . 0 1 3 . 0 1 0 . 0 0 6 3 3 . 0 1
 

A p p e n d i x H c o n t i n u e d .

4 0 8

 



 

 

 

          

T o o t h C 4 , H e i g h t i n m m

| 1 2 3 4 5 6 S T D E V A v e r a g e
0 C 4 3 . 2 9 3 . 2 7 3 . 2 8 3 . 2 7 3 . 2 8 3 . 2 8 0 . 0 0 7 5 3 . 2 8

5 0 C 4 3 . 2 5 3 . 2 8 3 . 2 6 3 . 2 6 3 . 2 7 3 . 2 6 0 . 0 1 0 3 3 . 2 6

1 0 0 C 4 3 . 1 7 3 . 1 7 3 . 1 7 3 . 1 9 3 . 1 8 3 . 2 0 0 . 0 1 2 6 3 . 1 8

1 5 0 C 4 3 . 1 5 3 . 1 6 3 . 1 4 3 . 1 5 3 . 1 6 3 . 1 4 0 . 0 0 8 9 3 . 1 5

2 0 0 C 4 3 . 1 5 3 . 1 6 3 . 1 4 3 . 1 5 3 . 1 6 3 . 1 4 0 . 0 0 8 9 3 . 1 5

2 5 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

3 0 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

3 5 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

4 0 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

4 5 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

5 0 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

5 5 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

6 0 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

6 5 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

7 0 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

7 5 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

8 0 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

8 5 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

9 0 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

9 5 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

1 0 0 0 C 4 3 . 0 6 3 . 0 5 3 . 0 5 3 . 0 6 3 . 0 6 3 . 0 4 0 . 0 0 8 2 3 . 0 5

A p p e n d i x H c o n t i n u e d .

4 0 9

 



 

T o o t h D 4 , H e i g h t i n m m
 

 

          

I 1 2 3 4 5 6 S T D E V A v e r a g e

0 D 4 2 . 9 6 2 . 9 1 2 . 8 8 2 . 8 8 2 . 8 8 2 . 9 0 0 . 0 3 1 3 2 . 9 0 — 1

5 0 D 4 2 . 8 5 2 . 8 1 2 . 8 0 2 . 8 0 2 . 8 0 2 . 7 9 0 . 0 2 1 4 2 . 8 1

1 0 0 D 4 2 . 7 3 2 . 7 3 2 . 7 2 2 . 7 3 2 . 7 2 2 . 7 3 0 . 0 0 5 2 2 . 7 3

1 5 0 D 4 2 . 6 9 2 . 7 0 2 . 6 9 2 . 6 9 2 . 6 9 2 . 7 3 0 . 0 1 6 0 2 . 7 0

2 0 0 D 4 2 . 6 9 2 . 7 0 2 . 6 9 2 . 6 9 2 . 6 9 2 . 7 3 0 . 0 1 6 0 2 . 7 0

2 5 0 D 4 2 . 6 6 2 . 6 6 2 . 6 7 2 . 6 6 2 . 6 6 2 . 6 7 0 . 0 0 5 2 2 . 6 6

3 0 0 D 4 2 . 6 6 2 . 6 6 2 . 6 7 2 . 6 6 2 . 6 6 2 . 6 7 0 . 0 0 5 2 2 . 6 6

3 5 0 D 4 2 . 6 6 2 . 6 6 2 . 6 7 2 . 6 6 2 . 6 6 2 . 6 7 0 . 0 0 5 2 2 . 6 6

4 0 0 D 4 2 . 6 6 2 . 6 6 2 . 6 7 2 . 6 6 2 . 6 6 2 . 6 7 0 . 0 0 5 2 2 . 6 6

4 5 0 D 4 2 . 6 3 2 . 6 3 2 . 6 5 2 . 5 9 2 . 6 4 2 . 6 0 0 . 0 2 3 4 2 . 6 2

5 0 0 D 4 2 . 6 3 2 . 6 3 2 . 6 5 2 . 5 9 2 . 6 4 2 . 6 0 0 . 0 2 3 4 2 . 6 2

5 5 0 D 4 2 . 6 3 2 . 6 3 2 . 6 5 2 . 5 9 2 . 6 4 2 . 6 0 0 . 0 2 3 4 2 . 6 2

6 0 0 D 4 2 . 6 3 2 . 6 3 2 . 6 5 2 . 5 9 2 . 6 4 2 . 6 0 0 . 0 2 3 4 2 . 6 2

6 5 0 D 4 2 . 6 3 2 . 6 3 2 . 6 5 2 . 5 9 2 . 6 4 2 . 6 0 0 . 0 2 3 4 2 . 6 2

7 0 0 D 4 2 . 6 3 2 . 6 3 2 . 6 5 2 . 5 9 2 . 6 4 2 . 6 0 0 . 0 2 3 4 2 . 6 2

7 5 0 D 4 2 . 5 5 2 . 5 7 2 . 5 5 2 . 5 4 2 . 5 6 2 . 5 4 0 . 0 1 1 7 2 . 5 5

8 0 0 D 4 2 . 5 5 2 . 5 7 2 . 5 5 2 . 5 4 2 . 5 6 2 . 5 4 0 . 0 1 1 7 2 . 5 5

8 5 0 D 4 2 . 5 5 2 . 5 7 2 . 5 5 2 . 5 4 2 . 5 6 2 . 5 4 0 . 0 1 1 7 2 . 5 5

9 0 0 D 4 2 . 5 5 2 . 5 7 2 . 5 5 2 . 5 4 2 . 5 6 2 . 5 4 0 . 0 1 1 7 2 . 5 5

9 5 0 D 4 2 . 5 3 2 . 5 4 2 . 5 2 2 . 5 3 2 . 5 4 2 . 5 5 0 . 0 1 0 5 2 . 5 4

1 0 0 0 D 4 2 . 5 3 2 . 5 4 2 . 5 2 2 . 5 3 2 . 5 4 2 . 5 5 0 . 0 1 0 5 2 . 5 4

A p p e n d i x H c o n t i n u e d .

4 1 0

 



 

T o o t h E 4 , H e i g h t i n m m
 

 

         

I 1 2 3 4 5 6 S T D E V A v e r a g e

0 E 4 2 . 9 9 3 . 0 3 3 . 0 8 3 . 0 3 3 . 0 4 3 . 0 3 0 . 0 2 8 8 3 . 0 3

5 0 E 4 2 . 9 1 2 . 9 6 2 . 9 2 2 . 9 4 2 . 9 1 2 . 9 1 0 . 0 2 0 7 2 . 9 3

1 0 0 E 4 2 . 8 9 2 . 9 0 2 . 9 0 2 . 8 9 2 . 8 9 2 . 8 9 0 . 0 0 5 2 2 . 8 9

1 5 0 E 4 2 . 8 7 2 . 8 8 2 . 8 6 2 . 8 7 2 . 8 7 2 . 8 7 0 . 0 0 6 3 2 . 8 7

2 0 0 E 4 2 . 8 7 2 . 8 8 2 . 8 6 2 . 8 7 2 . 8 7 2 . 8 7 0 . 0 0 6 3 2 . 8 7

2 5 0 E 4 2 . 8 1 2 . 8 3 2 . 8 3 2 . 8 3 2 . 8 2 2 . 8 3 0 . 0 0 8 4 2 . 8 3

3 0 0 E 4 2 . 8 1 2 . 8 3 2 . 8 3 , 2 . 8 3 2 . 8 2 2 . 8 3 0 . 0 0 8 4 2 . 8 3

3 5 0 E 4 2 . 8 1 2 . 8 3 2 . 8 3 2 . 8 3 2 . 8 2 2 . 8 3 0 . 0 0 8 4 2 . 8 3

4 0 0 E 4 2 . 8 1 2 . 8 3 2 . 8 3 2 . 8 3 2 . 8 2 2 . 8 3 0 . 0 0 8 4 2 . 8 3

4 5 0 E 4 2 . 7 8 2 . 7 7 2 . 7 7 2 . 7 6 2 . 7 7 2 . 7 7 0 . 0 0 6 3 2 . 7 7

5 0 0 E 4 2 . 7 8 2 . 7 7 2 . 7 7 2 . 7 6 2 . 7 7 2 . 7 7 0 . 0 0 6 3 2 . 7 7

5 5 0 E 4 2 . 7 8 2 . 7 7 2 . 7 7 2 . 7 6 2 . 7 7 2 . 7 7 0 . 0 0 6 3 2 . 7 7

6 0 0 E 4 2 . 7 8 2 . 7 7 2 . 7 7 2 . 7 6 2 . 7 7 2 . 7 7 0 . 0 0 6 3 2 . 7 7

6 5 0 E 4 2 . 7 8 2 . 7 7 2 . 7 7 2 . 7 6 2 . 7 7 2 . 7 7 0 . 0 0 6 3 2 . 7 7

7 0 0 E 4 2 . 7 8 2 . 7 7 2 . 7 7 2 . 7 6 2 . 7 7 2 . 7 7 0 . 0 0 6 3 2 . 7 7

7 5 0 E 4 2 . 7 8 2 . 7 7 2 . 7 7 2 . 7 6 2 . 7 7 2 . 7 7 0 . 0 0 6 3 2 . 7 7

8 0 0 E 4 2 . 7 8 2 . 7 7 2 . 7 7 2 . 7 6 2 . 7 7 2 . 7 7 0 . 0 0 6 3 2 . 7 7

8 5 0 E 4 2 . 7 8 2 . 7 7 2 . 7 7 2 . 7 6 2 . 7 7 2 . 7 7 0 . 0 0 6 3 2 . 7 7

9 0 0 E 4 2 . 7 8 2 . 7 7 2 . 7 7 2 . 7 6 2 . 7 7 2 . 7 7 0 . 0 0 6 3 2 . 7 7

9 5 0 E 4 2 . 7 0 2 . 7 0 2 . 6 9 2 . 6 9 2 . 7 0 2 . 7 0 0 . 0 0 5 2 2 . 7 0

1 0 0 0 E 4 2 . 7 0 2 . 7 0 2 . 6 9 2 . 6 9 2 . 7 0 2 . 7 0 0 . 0 0 5 2 2 . 7 0
 

A p p e n d i x H c o n t i n u e d .

4 1 1

 



 

T o o t h F 4 , H e i g h t i n m m
 

 

         

I 1 2 3 4 5 6 S T D E V A v e r a g e
0 F 4 2 . 3 8 2 . 3 5 2 . 3 5 2 . 3 5 2 . 3 3 2 . 3 6 0 . 0 1 6 3 2 . 3 5

5 0 F 4 2 . 3 0 2 . 2 9 2 . 2 8 2 . 2 8 2 . 2 9 2 . 2 8 0 . 0 0 8 2 2 . 2 9

1 0 0 F 4 2 . 2 5 2 . 2 5 2 . 2 6 2 . 2 6 2 . 2 5 2 . 2 5 0 . 0 0 5 2 2 . 2 5

1 5 0 F 4 2 . 2 3 2 . 2 1 2 . 2 2 2 . 2 3 2 . 2 0 2 . 2 0 0 . 0 1 3 8 2 . 2 2

2 0 0 F 4 2 . 2 2 2 . 2 2 2 . 2 2 2 . 2 2 2 . 2 2 2 . 2 2 0 . 0 0 0 0 2 . 2 2

2 5 0 F 4 2 . 2 0 2 . 2 0 2 . 1 9 2 . 1 9 2 . 2 0 2 . 2 0 0 . 0 0 5 2 2 . 2 0

3 0 0 F 4 2 . 2 0 2 . 2 0 2 . 1 9 2 . 1 9 2 . 2 0 2 . 2 0 0 . 0 0 5 2 2 . 2 0

3 5 0 F 4 2 . 2 0 2 . 2 0 2 . 1 9 2 . 1 9 2 . 2 0 2 . 2 0 0 . 0 0 5 2 2 . 2 0

4 0 0 F 4 2 . 1 5 2 . 1 4 2 . 1 3 2 . 1 4 2 . 1 5 2 . 1 4 0 . 0 0 7 5 2 . 1 4

4 5 0 F 4 2 . 1 5 2 . 1 4 2 . 1 3 2 . 1 4 2 . 1 5 2 . 1 4 0 . 0 0 7 5 2 . 1 4

5 0 0 F 4 2 . 1 5 2 . 1 4 2 . 1 3 2 . 1 4 2 . 1 5 2 . 1 4 0 . 0 0 7 5 2 . 1 4

5 5 0 F 4 2 . 1 5 2 . 1 4 2 . 1 3 2 . 1 4 2 . 1 5 2 . 1 4 0 . 0 0 7 5 2 . 1 4

6 0 0 F 4 2 . 1 5 2 . 1 4 2 . 1 3 2 . 1 4 2 . 1 5 2 . 1 4 0 . 0 0 7 5 2 . 1 4

6 5 0 F 4 2 . 1 5 2 . 1 4 ' 2 . 1 3 2 . 1 4 2 . 1 5 2 . 1 4 0 . 0 0 7 5 2 . 1 4

7 0 0 F 4 2 . 1 5 2 . 1 4 2 . 1 3 2 . 1 4 2 . 1 5 2 . 1 4 0 . 0 0 7 5 2 . 1 4

7 5 0 F 4 2 . 1 5 2 . 1 4 2 . 1 3 2 . 1 4 2 . 1 5 2 . 1 4 0 . 0 0 7 5 2 . 1 4

8 0 0 F 4 2 . 1 5 2 . 1 4 2 . 1 3 2 . 1 4 2 . 1 5 2 . 1 4 0 . 0 0 7 5 2 . 1 4

8 5 0 F 4 2 . 1 5 2 . 1 4 2 . 1 3 2 . 1 4 2 . 1 5 2 . 1 4 0 . 0 0 7 5 2 . 1 4

9 0 0 F 4 2 . 1 5 2 . 1 4 2 . 1 3 2 . 1 4 2 . 1 5 2 . 1 4 0 . 0 0 7 5 2 . 1 4

9 5 0 F 4 2 . 1 5 2 . 1 4 2 . 1 3 2 . 1 4 2 . 1 5 2 . 1 4 0 . 0 0 7 5 2 . 1 4

1 0 0 0 F 4 2 . 1 5 2 . 1 4 2 . 1 3 2 . 1 4 2 . 1 5 2 . 1 4 0 . 0 0 7 5 2 . 1 4
 

A p p e n d i x H c o n t i n u e d .

4 1 2

 



 

T o o t h G 4 , H e i g h t i n m m
 

 

          

1 2 3 4 5 6 S T D E V A v e r a g e

0 G 4 1 . 7 1 1 . 7 4 1 . 7 1 1 . 7 1 1 . 7 5 1 . 7 3 0 . 0 1 7 6 1 . 7 3

5 0 G 4 1 . 6 3 1 . 6 4 1 . 6 4 1 . 6 3 1 . 6 3 1 . 6 5 0 . 0 0 8 2 1 . 6 4

1 0 0 G 4 1 . 5 8 1 . 5 7 1 . 6 0 1 . 6 1 1 . 5 8 1 . 5 7 0 . 0 1 6 4 1 . 5 9

1 5 0 G 4 1 . 5 6 1 . 5 8 1 . 5 7 1 . 5 7 1 . 5 7 1 . 5 7 0 . 0 0 6 3 1 . 5 7

2 0 0 G 4 1 . 5 6 1 . 5 7 1 . 5 7 1 . 5 6 1 . 5 7 1 . 5 6 0 . 0 0 5 5 1 . 5 7

2 5 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

3 0 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

3 5 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

4 0 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

4 5 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

5 0 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

5 5 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

6 0 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

6 5 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

7 0 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

7 5 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

8 0 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

8 5 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

9 0 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

9 5 0 G 4 1 . 5 3 1 . 5 4 1 . 5 4 1 . 5 3 1 . 5 4 1 . 5 4 0 . 0 0 5 2 1 . 5 4

1 0 0 0 G 4 1 . 5 2 1 . 5 2 1 . 5 1 1 . 5 2 1 . 5 2 1 . 5 2 0 . 0 0 4 1 1 . 5 2
 

A p p e n d i x H c o n t i n u e d .

4 1 3

 



 

T o o t h H 4 , H e i g h t i n m m
 

 

           

l 2 3 4 5 6 S T D E V A v e r a g e

0 H 4 3 . 5 7 3 . 5 6 3 . 5 7 3 . 5 7 3 . 5 6 3 . 5 6 0 . 0 0 5 5 3 . 5 7

5 0 H 4 3 . 4 8 3 . 4 9 3 . 4 8 3 . 4 9 3 . 4 8 3 . 4 9 0 . 0 0 5 5 3 . 4 9

1 0 0 H 4 3 . 3 6 3 . 3 7 3 . 4 2 3 . 3 7 3 . 3 7 3 . 3 7 0 . 0 2 1 6 3 . 3 8

1 5 0 H 4 3 . 3 4 3 . 3 5 3 . 3 4 3 . 3 5 3 . 3 4 3 . 3 3 0 . 0 0 7 5 3 . 3 4

2 0 0 H 4 3 . 3 4 3 . 3 3 3 . 3 4 3 . 3 3 3 . 3 4 3 . 3 3 0 . 0 0 5 5 3 . 3 4

2 5 0 H 4 3 . 3 0 3 . 3 0 3 . 3 0 3 . 3 0 3 . 3 0 3 . 3 0 0 . 0 0 0 0 3 . 3 0

3 0 0 H 4 3 . 3 0 3 . 3 0 3 . 3 0 3 . 3 0 3 . 3 0 3 . 3 0 0 . 0 0 0 0 3 . 3 0

3 5 0 H 4 3 . 3 0 3 . 3 0 3 . 3 0 3 . 3 0 3 . 3 0 3 . 3 0 0 . 0 0 0 0 3 . 3 0

4 0 0 H 4 3 . 2 4 3 . 2 4 3 . 2 5 3 . 2 6 3 . 2 6 3 . 2 5 0 . 0 0 8 9 3 . 2 5

4 5 0 H 4 3 . 2 4 3 . 2 4 3 . 2 5 3 . 2 6 3 . 2 6 3 . 2 5 0 . 0 0 8 9 3 . 2 5

5 0 0 H 4 3 . 2 4 3 . 2 4 3 . 2 5 3 . 2 6 3 . 2 6 3 . 2 5 0 . 0 0 8 9 3 . 2 5

5 5 0 H 4 3 . 2 4 3 . 2 4 3 . 2 5 3 . 2 6 3 . 2 6 3 . 2 5 0 . 0 0 8 9 3 . 2 5

6 0 0 H 4 3 . 2 4 3 . 2 4 3 . 2 5 3 . 2 6 3 . 2 6 3 . 2 5 0 . 0 0 8 9 3 . 2 5

6 5 0 H 4 3 . 2 4 3 . 2 4 3 . 2 5 3 . 2 6 3 . 2 6 3 . 2 5 0 . 0 0 8 9 3 . 2 5

7 0 0 H 4 3 . 2 4 3 . 2 4 3 . 2 5 3 . 2 6 3 . 2 6 3 . 2 5 0 . 0 0 8 9 3 . 2 5

7 5 0 H 4 3 . 2 4 3 . 2 4 3 . 2 5 3 . 2 6 3 . 2 6 3 . 2 5 0 . 0 0 8 9 3 . 2 5

8 0 0 H 4 3 . 2 4 3 . 2 4 3 . 2 5 3 . 2 6 3 . 2 6 3 . 2 5 0 . 0 0 8 9 3 . 2 5

8 5 0 H 4 3 . 2 4 3 . 2 4 3 . 2 5 3 . 2 6 3 . 2 6 3 . 2 5 0 . 0 0 8 9 3 . 2 5

9 0 0 H 4 3 . 2 4 3 . 2 4 3 . 2 5 3 . 2 6 3 . 2 6 3 . 2 5 0 . 0 0 8 9 3 . 2 5

9 5 0 H 4 3 . 2 4 3 . 2 4 3 . 2 5 3 . 2 6 3 . 2 6 3 . 2 5 0 . 0 0 8 9 3 . 2 5

1 0 0 0 H 4 3 . 2 4 3 . 2 4 3 . 2 5 3 . 2 6 3 . 2 6 3 . 2 5 0 . 0 0 8 9 3 . 2 5

A p p e n d i x H c o n t i n u e d .

4 1 4

 



 

 

 

           

T o o t h A 1 , W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

8 . 5 1 8 . 4 9 8 . 5 5 8 . 5 4 8 . 5 1 8 . 5 3 0 . 0 2 2 3 8 . 5 2

8 . 4 1 8 . 3 4 8 . 3 4 8 . 3 3 8 . 3 8 8 . 3 9 0 . 0 3 2 7 8 . 3 7

8 . 2 8 8 . 2 6 8 . 2 3 8 . 2 4 8 . 2 5 8 . 2 6 0 . 0 1 7 5 8 . 2 5

8 . 2 1 8 . 1 9 8 . 2 2 8 . 2 2 8 . 2 0 8 . 2 0 0 . 0 1 2 1 8 . 2 1

8 . 0 9 8 . 1 0 8 . 1 0 8 . 0 8 8 . 0 9 8 . 0 9 0 . 0 0 7 5 8 . 0 9

8 . 0 4 8 . 0 6 8 . 0 5 8 . 0 4 8 . 0 1 8 . 0 3 0 . 0 1 7 2 8 . 0 4

8 . 0 4 8 . 0 6 8 . 0 5 8 . 0 4 8 . 0 1 8 . 0 3 0 . 0 1 7 2 8 . 0 4

8 . 0 2 8 . 0 3 8 . 0 5 8 . 0 6 8 . 0 4 8 . 0 1 0 . 0 1 8 7 8 . 0 4

7 . 9 3 7 . 9 4 7 . 9 3 7 . 9 5 7 . 9 5 7 . 9 2 0 . 0 1 2 1 7 . 9 4

7 . 8 6 7 . 8 8 7 . 8 8 7 . 8 7 7 . 8 9 7 . 8 4 0 . 0 1 7 9 7 . 8 7

7 . 7 9 7 . 7 8 7 . 8 0 7 . 7 8 7 . 7 7 7 . 7 8 0 . 0 1 0 3 7 . 7 8

7 . 7 9 7 . 7 8 7 . 8 0 7 . 7 8 7 . 7 7 7 . 7 8 0 . 0 1 0 3 7 . 7 8

7 . 7 9 7 . 7 8 7 . 8 0 7 . 7 8 7 . 7 7 7 . 7 8 0 . 0 1 0 3 7 . 7 8

7 . 7 9 7 . 7 8 7 . 8 0 7 . 7 8 7 . 7 7 7 . 7 8 0 . 0 1 0 3 7 . 7 8

7 . 7 4 7 . 7 4 7 . 7 1 7 . 7 3 7 . 7 2 7 . 7 3 0 . 0 1 1 7 7 . 7 3

7 . 6 7 7 . 6 9 7 . 6 7 7 . 6 6 7 . 6 7 7 . 6 6 0 . 0 1 1 0 7 . 6 7

7 . 6 4 7 . 6 2 7 . 6 4 7 . 6 0 7 . 6 3 7 . 6 2 0 . 0 1 5 2 7 . 6 3

7 . 4 6 7 . 4 4 7 . 4 5 7 . 4 8 7 . 4 6 7 . 4 8 0 . 0 1 6 0 7 . 4 6

7 . 3 9 7 . 4 2 7 . 4 0 7 . 4 1 7 . 4 1 7 . 4 0 0 . 0 1 0 5 7 . 4 1

7 . 3 2 7 . 3 5 7 . 3 3 7 . 3 3 7 . 3 1 7 . 3 1 0 . 0 1 5 2 7 . 3 3

7 . 3 2 7 . 3 5 7 . 3 3 7 . 3 3 7 . 3 1 7 . 3 1 0 . 0 1 5 2 7 . 3 3

A p p e n d i x H c o n t i n u e d .

4 1 5

 



 

 

 

        

T o o t h A 2 , W i d t h i n m

I 1 2 3 4 5 6 S T D E V A v e r a g e
0 A 2 1 3 . 5 2 1 3 . 5 1 1 3 . 5 6 1 3 . 5 4 1 3 . 5 4 1 3 . 5 2 0 . 0 1 8 3 1 3 . 5 3 : . I

5 0 A 2 1 1 . 6 3 1 1 . 6 2 1 1 . 6 2 1 1 . 6 2 1 1 . 5 7 1 1 . 6 1 0 . 0 2 1 4 1 1 . 6 1

1 0 0 A 2 1 1 . 0 2 1 1 . 0 3 1 1 . 0 3 1 1 . 0 3 1 1 . 0 2 1 1 . 0 3 0 . 0 0 5 2 1 1 . 0 3

1 5 0 A 2 1 0 . 3 2 1 0 . 3 4 1 0 . 3 2 1 0 . 3 4 1 0 . 3 3 1 0 . 3 3 0 . 0 0 8 9 1 0 . 3 3

2 0 0 A 2 9 . 8 3 9 . 8 1 9 . 8 3 9 . 7 9 9 . 7 9 9 . 8 1 0 . 0 1 7 9 9 . 8 1

2 5 0 A 2 9 . 6 2 9 . 6 4 9 . 6 4 9 . 6 3 9 . 6 3 9 . 6 3 0 . 0 0 7 5 9 . 6 3

3 0 0 A 2 9 . 5 3 9 . 5 3 9 . 5 1 9 . 5 0 9 . 5 2 9 . 5 1 0 . 0 1 2 1 9 . 5 2

3 5 0 A 2 9 . 2 6 9 . 2 5 9 . 2 5 9 . 2 5 9 . 2 9 9 . 3 0 0 . 0 2 2 5 9 . 2 7

4 0 0 A 2 8 . 9 6 8 . 9 7 8 . 9 7 8 . 9 6 8 . 9 5 8 . 9 6 0 . 0 0 7 5 8 . 9 6

4 5 0 A 2 8 . 6 5 8 . 6 4 8 . 6 2 8 . 6 3 8 . 6 5 8 . 6 3 0 . 0 1 2 1 8 . 6 4

5 0 0 A 2 8 . 4 3 8 . 4 1 8 . 4 0 8 . 3 8 8 . 3 9 8 . 3 9 0 . 0 1 7 9 8 . 4 0

5 5 0 A 2 8 . 2 2 8 . 2 3 8 . 2 3 8 . 2 2 8 . 2 2 8 . 2 2 0 . 0 0 5 2 8 . 2 2

6 0 0 A 2 8 . 0 3 8 . 0 1 8 . 0 1 8 . 0 0 8 . 0 2 8 . 0 1 0 . 0 1 0 3 8 . 0 1

6 5 0 A 2 7 . 8 7 7 . 8 5 7 . 8 4 7 . 8 5 7 . 8 6 7 . 8 8 0 . 0 1 4 7 7 . 8 6

7 0 0 A 2 7 . 7 0 7 . 7 0 7 . 7 0 7 . 7 0 7 . 7 0 7 . 6 9 0 . 0 0 4 1 7 . 7 0

7 5 0 A 2 7 . 5 8 7 . 5 7 7 . 5 7 7 . 5 8 7 . 5 7 7 . 5 7 0 . 0 0 5 2 7 . 5 7

8 0 0 A 2 7 . 5 0 7 . 5 0 7 . 4 9 7 . 5 1 7 . 4 9 7 . 4 9 0 . 0 0 8 2 7 . 5 0

8 5 0 A 2 7 . 4 3 7 . 4 3 7 . 4 2 7 . 4 1 7 . 4 1 7 . 4 2 0 . 0 0 8 9 7 . 4 2

9 0 0 A 2 7 . 3 9 7 . 3 9 7 . 3 9 7 . 3 9 7 . 3 8 7 . 3 8 0 . 0 0 5 2 7 . 3 9

9 5 0 A 2 7 . 3 0 7 . 3 1 7 . 3 0 7 . 3 2 7 . 3 2 7 . 3 3 0 . 0 1 2 1 7 . 3 1

1 0 0 0 A 2 7 . 3 1 7 . 3 1 7 . 2 7 7 . 2 7 7 . 2 9 7 . 2 8 0 . 0 1 8 3 7 . 2 9   

A p p e n d i x H c o n t i n u e d .

4 1 6



 

 

 

           

T o o t h A 3 L W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

1 2 . 7 2 1 2 . 6 7 1 2 . 6 6 1 2 . 6 6 1 2 . 6 7 1 2 . 6 7 0 . 0 2 2 6 1 2 . 6 8

1 0 . 6 8 1 0 . 6 8 1 0 . 6 8 1 0 . 6 7 1 0 . 6 8 1 0 . 6 7 0 . 0 0 5 2 1 0 . 6 8

1 0 . 2 9 1 0 . 2 7 1 0 . 2 6 1 0 . 2 6 1 0 . 2 6 1 0 . 2 6 0 . 0 1 2 1 1 0 . 2 7

9 . 8 5 9 . 8 3 9 . 8 1 9 . 8 0 9 . 8 0 9 . 8 3 0 . 0 2 0 0 9 . 8 2

9 . 5 0 9 . 4 8 9 . 4 8 9 . 4 7 9 . 4 7 9 . 4 6 0 . 0 1 3 7 9 . 4 8

9 . 2 4 9 . 2 5 9 . 2 6 9 . 2 6 9 . 2 6 9 . 2 8 0 . 0 1 3 3 9 . 2 6

9 . 1 8 9 . 1 6 9 . 1 4 9 . 1 4 9 . 1 8 9 . 1 6 0 . 0 1 7 9 9 . 1 6

9 . 0 8 9 . 0 8 9 . 0 7 9 . 0 5 9 . 0 5 9 . 0 5 0 . 0 1 5 1 9 . 0 6

8 . 9 0 8 . 9 1 8 . 8 9 8 . 8 9 8 . 8 8 8 . 8 8 0 . 0 1 1 7 8 . 8 9

8 . 7 8 8 . 7 9 8 . 8 0 8 . 8 1 8 . 7 9 8 . 7 8 0 . 0 1 1 7 8 . 7 9

8 . 6 8 8 . 6 7 8 . 6 6 8 . 6 5 8 . 6 5 8 . 6 6 0 . 0 1 1 7 8 . 6 6

8 . 5 2 8 . 5 3 8 . 5 1 8 . 5 1 8 . 5 2 8 . 5 0 0 . 0 1 0 5 8 . 5 2

8 . 3 9 8 . 4 0 8 . 4 0 8 . 4 1 8 . 4 1 8 . 4 3 0 . 0 1 3 7 8 . 4 1

8 . 2 4 8 . 2 6 8 . 2 2 8 . 2 3 8 . 2 3 8 . 2 3 0 . 0 1 3 8 8 . 2 4

8 . 3 4 8 . 3 4 8 . 3 2 8 . 3 3 8 . 3 4 8 . 3 3 0 . 0 0 8 2 8 . 3 3

8 . 1 3 8 . 1 3 8 . 1 0 8 . 1 1 8 . 1 1 8 . 1 2 0 . 0 1 2 1 8 . 1 2

8 . 0 5 8 . 0 3 8 . 0 2 8 . 0 2 8 . 0 0 8 . 0 2 0 . 0 1 6 3 8 . 0 2

7 . 9 4 7 . 9 5 7 . 9 5 7 . 9 4 7 . 9 5 7 . 9 6 0 . 0 0 7 5 7 . 9 5

7 . 9 0 7 . 9 1 7 . 9 2 7 . 9 0 7 . 8 9 7 . 9 6 0 . 0 2 5 0 7 . 9 1

7 . 8 2 7 . 8 0 7 . 8 1 7 . 8 1 7 . 8 0 7 . 8 1 0 . 0 0 8 4 7 . 8 1

7 . 7 1 7 . 7 1 7 . 7 4 7 . 7 2 7 . 7 1 7 . 7 0 0 . 0 1 3 0 7 . 7 2

A p p e n d i x H c o n t i n u e d .

4 1 7

 



 

 

 

           

T o o t h B 1 , W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

6 . 9 4 6 . 9 6 6 . 8 8 6 . 8 5 6 . 9 1 6 . 9 0 0 . 0 3 9 8 6 . 9 1

6 . 6 3 6 . 6 2 6 . 5 8 6 . 5 8 6 . 5 7 6 . 5 7 0 . 0 2 6 4 6 . 5 9

6 . 4 6 6 . 4 6 6 . 4 8 6 . 4 7 6 . 4 8 6 . 4 6 0 . 0 0 9 8 6 . 4 7

6 . 4 1 6 . 4 0 6 . 4 3 6 . 4 0 6 . 3 8 6 . 3 8 0 . 0 1 9 0 6 . 4 0

6 . 3 7 6 . 3 8 6 . 3 7 6 . 3 6 6 . 3 7 6 . 3 7 0 . 0 0 6 3 6 . 3 7

6 . 3 1 6 . 3 0 6 . 3 1 6 . 2 7 6 . 3 0 6 . 2 9 0 . 0 1 5 1 6 . 3 0

6 . 2 8 6 . 2 8 6 . 2 7 6 . 2 6 6 . 2 6 6 . 2 5 0 . 0 1 2 1 6 . 2 7

6 . 2 8 6 . 2 8 6 . 2 7 6 . 2 6 6 . 2 6 6 . 2 5 0 . 0 1 2 1 6 . 2 7

6 . 1 9 6 . 1 8 6 . 1 7 6 . 1 7 6 . 1 8 6 . 1 9 0 . 0 0 8 9 6 . 1 8

6 . 1 5 6 . 1 6 6 . 1 6 6 . 1 5 6 . 1 6 6 . 1 4 0 . 0 0 8 2 6 . 1 5

6 . 1 4 6 . 1 5 6 . 1 4 6 . 1 4 6 . 1 4 6 . 1 4 0 . 0 0 4 1 6 . 1 4

6 . 0 9 6 . 0 8 6 . 0 8 6 . 0 7 6 . 0 8 6 . 0 9 0 . 0 0 7 5 6 . 0 8

6 . 0 0 6 . 0 1 5 . 9 9 5 . 9 8 5 . 9 9 5 . 9 9 0 . 0 1 0 3 5 . 9 9

5 . 9 9 5 . 9 9 5 . 9 9 5 . 9 9 6 . 0 0 6 . 0 0 0 . 0 0 5 2 5 . 9 9

5 . 9 8 5 . 9 6 5 . 9 8 5 . 9 7 5 . 9 8 5 . 9 5 0 . 0 1 2 6 5 . 9 7

5 . 9 5 5 . 9 3 5 . 9 3 5 . 9 2 5 . 9 3 5 . 9 2 0 . 0 1 1 0 5 . 9 3

5 . 9 1 5 . 9 0 5 . 9 1 5 . 8 8 5 . 8 9 5 . 8 7 0 . 0 1 6 3 5 . 8 9

5 . 9 1 5 . 9 0 5 . 9 1 5 . 8 8 5 . 8 9 5 . 8 7 0 . 0 1 6 3 5 . 8 9

5 . 9 1 5 . 9 0 5 . 9 1 5 . 8 8 5 . 8 9 5 . 8 7 0 . 0 1 6 3 5 . 8 9

5 . 8 7 5 . 8 6 5 . 8 6 5 . 8 7 5 . 8 6 5 . 8 7 0 . 0 0 5 5 5 . 8 7

5 . 8 7 ' 5 . 8 6 5 . 8 6 5 . 8 7 5 . 8 6 5 . 8 7 0 . 0 0 5 5 5 . 8 7

A p p e n d i x H c o n t i n u e d .

4 1 8

 



 

 

 

          

T o o t h B 2 , W i d t h i n m m

| 1 2 3 4 5 6 S T D E V A v e r a g e
0 B 2 1 2 . 0 7 1 1 . 9 8 1 2 . 1 5 1 2 . 1 6 1 1 . 9 5 1 2 . 1 1 0 . 0 8 7 9 1 2 . 0 7

5 0 B 2 1 0 . 3 4 1 0 . 3 5 1 0 . 3 5 1 0 . 3 4 1 0 . 3 3 1 0 . 3 1 0 . 0 1 5 1 1 0 . 3 4

1 0 0 B 2 9 . 8 9 9 . 8 7 9 . 8 8 9 . 8 6 9 . 8 7 9 . 8 5 0 . 0 1 4 1 9 . 8 7

1 5 0 B 2 9 . 6 2 9 . 6 2 9 . 6 3 9 . 6 1 9 . 6 3 9 . 6 3 0 . 0 0 8 2 9 . 6 2

2 0 0 B 2 9 . 4 6 9 . 4 6 9 . 4 7 9 . 4 6 9 . 4 5 9 . 4 6 0 . 0 0 6 3 9 . 4 6

2 5 0 B 2 9 . 3 7 9 . 3 5 9 . 3 6 9 . 3 7 9 . 3 4 9 . 3 3 0 . 0 1 6 3 9 . 3 5

3 0 0 B 2 9 . 2 9 9 . 2 9 9 . 2 9 9 . 2 9 9 . 2 9 9 . 2 9 0 . 0 0 0 0 9 . 2 9

3 5 0 B 2 9 . 1 9 9 . 1 6 9 . 1 6 9 . 1 7 9 . 1 7 9 . 1 8 0 . 0 1 1 7 9 . 1 7

4 0 0 B 2 9 . 1 4 9 . 1 1 9 . 1 1 9 . 1 2 9 . 1 3 9 . 1 2 0 . 0 1 1 7 9 . 1 2

4 5 0 B 2 9 . 0 3 9 . 0 5 9 . 0 3 9 . 0 5 9 . 0 4 9 . 0 6 0 . 0 1 2 1 9 . 0 4

5 0 0 B 2 8 . 9 7 9 . 0 0 9 . 0 1 9 . 0 0 8 . 9 8 8 . 9 9 0 . 0 1 4 7 8 . 9 9

5 5 0 B 2 8 . 9 1 8 . 9 1 8 . 9 1 8 . 9 0 8 . 8 9 8 . 9 0 0 . 0 0 8 2 8 . 9 0

6 0 0 B 2 8 . 8 3 8 . 8 4 8 . 8 5 8 . 8 5 8 . 8 4 8 . 8 5 0 . 0 0 8 2 8 . 8 4

6 5 0 B 2 8 . 8 1 8 . 8 1 8 . 8 0 8 . 8 2 8 . 8 0 8 . 8 3 0 . 0 1 1 7 8 . 8 1

7 0 0 B 2 8 . 7 7 8 . 7 8 8 . 7 6 8 . 7 5 8 . 7 8 8 . 7 9 0 . 0 1 4 7 8 . 7 7

7 5 0 B 2 8 . 7 5 8 . 7 3 8 . 7 4 8 . 7 4 8 . 7 3 8 . 7 4 0 . 0 0 7 5 8 . 7 4

8 0 0 B 2 8 . 7 2 8 . 6 9 8 . 6 9 8 . 7 0 8 . 6 9 8 . 7 1 0 . 0 1 2 6 8 . 7 0

8 5 0 B 2 8 . 7 2 8 . 6 9 8 . 6 9 8 . 7 0 8 . 6 9 8 . 7 1 0 . 0 1 2 6 8 . 7 0

9 0 0 B 2 8 . 6 8 8 . 6 8 8 . 6 7 8 . 6 7 8 . 6 9 8 . 6 9 0 . 0 0 8 9 8 . 6 8

9 5 0 B 2 8 . 6 4 8 . 6 3 8 . 6 5 8 . 6 6 8 . 6 5 8 . 6 5 0 . 0 1 0 3 8 . 6 5

1 0 0 0 B 2 8 . 6 2 8 . 6 3 8 . 6 4 8 . 6 2 8 . 6 1 8 . 6 2 0 . 0 1 0 3 8 . 6 2

A p p e n d i x H c o n t i n u e d .

4 1 9

 



 

T o o t h B 3 1 W i d t h i n m m
 

 

          

| 1 2 3 4 5 6 S T D E V A v e r a g e
0 B 3 1 0 . 4 1 1 0 . 4 0 1 0 . 0 8 1 0 . 2 1 1 0 . 3 0 1 0 . 2 0 0 . 1 2 8 0 1 0 . 2 7

5 0 B 3 9 . 0 2 9 . 0 1 8 . 9 9 9 . 0 0 9 . 0 3 9 . 0 0 0 . 0 1 4 7 9 . 0 1

1 0 0 B 3 8 . 4 4 8 . 4 2 8 . 4 0 8 . 4 4 8 . 3 9 8 . 4 1 0 . 0 2 0 7 8 . 4 2

1 5 0 B 3 7 . 9 9 8 . 0 0 8 . 0 4 8 . 0 6 7 . 9 9 8 . 0 1 0 . 0 2 8 8 8 . 0 2

2 0 0 B 3 7 . 9 0 7 . 9 0 7 . 9 0 7 . 9 0 7 . 9 0 7 . 9 0 0 . 0 0 0 0 7 . 9 0

2 5 0 B 3 7 . 5 6 7 . 6 0 7 . 5 6 7 . 5 6 7 . 5 5 7 . 6 0 0 . 0 2 2 3 7 . 5 7

3 0 0 B 3 7 . 5 6 7 . 6 0 7 . 5 6 7 . 5 6 7 . 5 5 7 . 6 0 0 . 0 2 2 3 7 . 5 7

3 5 0 B 3 7 . 5 6 7 . 6 0 7 . 5 6 7 . 5 6 7 . 5 5 7 . 6 0 0 . 0 2 2 3 7 . 5 7

4 0 0 B B 7 . 4 6 7 . 4 7 7 . 4 6 7 . 4 7 7 . 4 5 7 . 4 5 0 . 0 0 8 9 7 . 4 6

4 5 0 B 3 7 . 1 6 7 . 1 5 7 . 1 9 7 . 1 7 7 . 1 8 7 . 1 8 0 . 0 1 4 7 7 . 1 7

5 0 0 B 3 7 . 0 0 6 . 9 9 7 . 0 2 6 . 9 5 6 . 9 4 6 . 9 6 0 . 0 3 1 4 6 . 9 8

5 5 0 B 3 6 . 8 2 6 . 8 1 6 . 8 1 6 . 8 0 6 . 8 1 6 . 8 3 0 . 0 1 0 3 6 . 8 1

6 0 0 B 3 6 . 8 2 6 . 8 1 6 . 8 1 6 . 8 0 6 . 8 1 6 . 8 3 0 . 0 1 0 3 6 . 8 1

6 5 0 B 3 6 . 6 5 6 . 6 7 6 . 6 5 6 . 6 6 6 . 6 5 6 . 6 4 0 . 0 1 0 3 6 . 6 5

7 0 0 B 3 6 . 5 5 6 . 5 6 6 . 5 4 6 . 5 3 6 . 5 6 6 . 5 4 0 . 0 1 2 1 6 . 5 5

7 5 0 B 3 6 . 4 7 6 . 4 6 6 . 4 5 6 . 4 5 6 . 4 6 6 . 4 4 0 . 0 1 0 5 6 . 4 6

8 0 0 B 3 6 . 0 4 6 . 0 5 6 . 0 4 6 . 0 2 6 . 0 3 6 . 0 1 0 . 0 1 4 7 6 . 0 3

8 5 0 B 3 5 . 9 2 5 . 9 2 5 . 9 3 5 . 9 2 5 . 9 1 5 . 9 0 0 . 0 1 0 3 5 . 9 2

9 0 0 B 3 5 . 8 6 5 . 8 5 5 . 8 4 5 . 8 4 5 . 8 4 5 . 8 4 0 . 0 0 8 4 5 . 8 5

9 5 0 B 3 5 . 6 6 5 . 6 7 5 . 6 8 5 . 6 7 5 . 6 5 5 . 6 6 0 . 0 1 0 5 5 . 6 7

1 0 0 0 B 3 5 . 6 5 5 . 6 1 5 . 6 2 5 . 6 3 5 . 6 1 5 . 6 3 0 . 0 1 5 2 5 . 6 3

A p p e n d i x H c o n t i n u e d .

4 2 0

 



 

T o o t h C 1 L W i d t h i n m m
 

 

           

I 1 2 3 4 5 6 S T D E V A v e r a g e

0 C l 3 . 8 5 3 . 8 4 3 . 6 5 3 . 6 4 3 . 6 6 3 . 7 1 0 . 0 9 6 1 3 . 7 3

5 0 C l 3 . 5 1 3 . 5 2 3 . 5 6 3 . 4 8 3 . 5 1 3 . 5 5 0 . 0 2 9 3 3 . 5 2

1 0 0 C l 3 . 5 1 3 . 5 2 3 . 5 6 3 . 4 8 3 . 5 1 3 . 5 5 0 . 0 2 9 3 3 . 5 2

1 5 0 C l 3 . 4 5 3 . 4 7 3 . 5 0 3 . 5 0 3 . 4 9 3 . 4 7 0 . 0 2 0 0 3 . 4 8

2 0 0 C l 3 . 4 2 3 . 4 0 3 . 4 0 3 . 3 9 3 . 4 1 3 . 3 8 0 . 0 1 4 1 3 . 4 0

2 5 0 C l 3 . 2 8 3 . 2 9 3 . 2 9 3 . 3 0 3 . 3 0 3 . 2 7 0 . 0 1 1 7 3 . 2 9

3 0 0 C l 3 . 2 4 3 . 2 4 3 . 2 4 3 . 2 4 3 . 2 4 3 . 2 4 0 . 0 0 0 0 3 . 2 4

3 5 0 C l 3 . 1 5 3 . 1 7 3 . 1 7 3 . 1 3 3 . 1 4 3 . 1 3 0 . 0 1 8 3 3 . 1 5

4 0 0 C l 3 . 0 6 3 . 0 7 3 . 0 6 3 . 0 7 3 . 0 7 3 . 0 6 0 . 0 0 5 5 3 . 0 7

4 5 0 C l 3 . 0 6 3 . 0 7 3 . 0 6 3 . 0 7 3 . 0 7 3 . 0 6 0 . 0 0 5 5 3 . 0 7

5 0 0 C l 2 . 9 5 2 . 9 8 2 . 9 7 2 . 9 6 2 . 9 8 2 . 9 7 0 . 0 1 1 7 2 . 9 7

5 5 0 C l 2 . 9 1 2 . 8 8 2 . 9 0 2 . 9 2 2 . 8 9 2 . 9 0 0 . 0 1 4 1 2 . 9 0

6 0 0 C l 2 . 8 6 2 . 8 7 2 . 8 5 2 . 8 5 2 . 8 6 2 . 8 6 0 . 0 0 7 5 2 . 8 6

6 5 0 C l 2 . 8 2 2 . 8 3 2 . 8 1 2 . 8 3 2 . 8 1 2 . 8 2 0 . 0 0 8 9 2 . 8 2

7 0 0 C l 2 . 8 0 2 . 7 9 2 . 7 8 2 . 7 8 2 . 7 9 2 . 7 9 0 . 0 0 7 5 2 . 7 9

7 5 0 C l 2 . 7 8 2 . 7 7 2 . 7 8 2 . 7 8 2 . 7 8 2 . 7 9 0 . 0 0 6 3 2 . 7 8

8 0 0 C l 2 . 7 7 2 . 7 5 2 . 7 6 2 . 7 7 2 . 7 5 2 . 7 5 0 . 0 0 9 8 2 . 7 6

8 5 0 C 1 2 . 7 7 2 . 7 5 2 . 7 6 2 . 7 7 2 . 7 5 2 . 7 5 0 . 0 0 9 8 2 . 7 6

9 0 0 C l 2 . 7 2 2 . 7 0 2 . 7 2 2 . 7 0 2 . 7 3 2 . 7 0 0 . 0 1 3 3 2 . 7 1

9 5 0 C l 2 . 6 3 2 . 5 9 2 . 6 0 2 . 5 8 2 . 5 9 2 . 6 0 0 . 0 1 7 2 2 . 6 0

1 0 0 0 C l 2 . 6 0 2 . 6 0 2 . 5 8 2 . 5 9 2 . 6 0 2 . 5 5 0 . 0 1 9 7 2 . 5 9

A p p e n d i x H c o n t i n u e d .

4 2 1



 

 

 

 

         

T o o t h C 2 , W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 C 2 1 1 . 8 9 1 1 . 8 5 1 1 . 8 7 1 1 . 8 3 1 1 . 8 0 1 1 . 8 5 0 . 0 3 1 3 1 1 . 8 5

5 0 C 2 1 0 . 8 9 1 0 . 8 6 1 0 . 8 8 1 0 . 8 7 1 0 . 8 6 1 0 . 8 7 0 . 0 1 1 7 1 0 . 8 7

1 0 0 C 2 1 0 . 5 0 1 0 . 5 0 1 0 . 4 8 1 0 . 4 7 1 0 . 4 6 1 0 . 4 9 0 . 0 1 6 3 1 0 . 4 8

1 5 0 C 2 1 0 . 2 2 1 0 . 2 0 1 0 . 1 8 1 0 . 1 9 1 0 . 2 0 1 0 . 1 9 0 . 0 1 3 7 1 0 . 2 0

2 0 0 C 2 1 0 . 0 4 1 0 . 0 3 1 0 . 0 2 1 0 . 0 2 1 0 . 0 1 1 0 . 0 2 0 . 0 1 0 3 1 0 . 0 2

2 5 0 C 2 9 . 9 0 9 . 8 7 9 . 8 5 9 . 8 6 9 . 8 7 9 . 8 8 0 . 0 1 7 2 9 . 8 7

3 0 0 C 2 9 . 9 0 9 . 8 7 9 . 8 5 9 . 8 6 9 . 8 7 9 . 8 8 0 . 0 1 7 2 9 . 8 7

3 5 0 C 2 9 . 6 4 9 . 6 3 9 . 6 3 9 . 6 4 9 . 6 4 9 . 6 3 0 . 0 0 5 5 9 . 6 4

4 0 0 C 2 9 . 4 8 9 . 4 9 9 . 4 8 9 . 4 7 9 . 4 8 9 . 4 8 0 . 0 0 6 3 9 . 4 8

4 5 0 C 2 9 . 3 7 9 . 3 8 9 . 3 9 9 . 3 8 9 . 3 7 9 . 3 7 0 . 0 0 8 2 9 . 3 8

5 0 0 C 2 9 . 2 6 9 . 2 9 9 . 2 9 9 . 2 6 9 . 2 7 9 . 2 8 0 . 0 1 3 8 9 . 2 8

5 5 0 C 2 9 . 1 7 9 . 1 8 9 . 1 8 9 . 1 7 9 . 1 8 9 . 1 7 0 . 0 0 5 5 9 . 1 8

6 0 0 C 2 9 . 0 9 9 . 0 9 9 . 0 8 9 . 0 9 9 . 1 0 9 . 1 0 . 0 0 7 5 9 . 0 9

6 5 0 C 2 9 . 0 1 9 . 0 1 8 . 9 9 8 . 9 9 9 . 0 0 9 . 0 0 0 . 0 0 8 9 9 . 0 0

7 0 0 C 2 8 . 9 0 8 . 9 1 8 . 9 2 8 . 9 1 8 . 9 2 8 . 9 2 0 . 0 0 8 2 8 . 9 1

7 5 0 C 2 8 . 8 3 8 . 8 4 8 . 8 5 8 . 8 5 8 . 8 5 8 . 8 5 0 . 0 0 8 4 8 . 8 5

8 0 0 C 2 8 . 7 7 8 . 7 9 8 . 7 8 8 . 7 8 8 . 7 8 8 . 7 9 0 . 0 0 7 5 8 . 7 8

8 5 0 C 2 8 . 6 6 8 . 6 7 8 . 6 6 8 . 6 8 8 . 6 8 8 . 6 8 0 . 0 0 9 8 8 . 6 7

9 0 0 C 2 8 . 6 0 8 . 6 2 8 . 6 2 8 . 6 1 8 . 5 9 8 . 6 2 0 . 0 1 2 6 8 . 6 1

9 5 0 C 2 8 . 5 6 8 . 5 6 8 . 5 4 8 . 5 3 8 . 5 3 8 . 5 4 0 . 0 1 3 7 8 . 5 4

1 0 0 0 C 2 8 . 5 1 8 . 5 1 8 . 5 2 8 . 5 3 8 . 5 2 8 . 5 3 0 . 0 0 8 9 8 . 5 2
 

A p p e n d i x H c o n t i n u e d .

4 2 2

 



 

T o o t h C 3 , W i d t h i n m m
 

 

   

l 2 3 4 5 6 S T D E V A v e r a g e

1 3 . 4 9 1 3 . 5 4 1 3 . 5 2 1 3 . 5 4 1 3 . 4 9 1 3 . 5 2 0 . 0 2 2 5 1 3 . 5 2

1 1 . 0 4 1 0 . 9 8 1 0 . 9 8 1 1 . 0 0 1 0 . 9 9 1 0 . 9 8 0 . 0 2 3 5 1 1 . 0 0

1 0 . 0 5 1 0 . 0 3 1 0 . 0 1 1 0 . 0 1 1 0 . 0 5 1 0 . 0 5 0 . 0 1 9 7 1 0 . 0 3

9 . 8 6 9 . 8 4 9 . 8 6 9 . 8 4 9 . 8 5 9 . 8 4 0 . 0 0 9 8 9 . 8 5

9 . 7 6 9 . 7 8 9 . 7 9 9 . 7 7 9 . 7 8 9 . 7 6 0 . 0 1 2 1 9 . 7 7

9 . 6 8 9 . 6 6 9 . 6 7 9 . 7 0 9 . 6 5 9 . 6 8 0 . 0 1 7 5 9 . 6 7

9 . 5 4 9 . 5 5 9 . 5 4 9 . 5 1 9 . 5 1 9 . 5 1 0 . 0 1 8 6 9 . 5 3

9 . 5 4 9 . 5 5 9 . 5 4 9 . 5 1 9 . 5 1 9 . 5 1 0 . 0 1 8 6 9 . 5 3

9 . 4 4 9 . 4 5 9 . 4 6 9 . 4 7 9 . 4 8 9 . 4 9 0 . 0 1 8 7 9 . 4 7

9 . 1 9 9 . 1 9 9 . 2 0 9 . 2 0 9 . 2 0 9 . 1 8 0 . 0 0 8 2 9 . 1 9

8 . 8 3 8 . 8 5 8 . 8 1 8 . 8 0 8 . 8 0 8 . 8 4 0 . 0 2 1 4 8 . 8 2

7 . 8 0 7 . 7 9 7 . 7 8 7 . 7 9 7 . 7 7 7 . 7 8 0 . 0 1 0 5 7 . 7 9

7 . 4 3 7 . 4 2 7 . 4 1 7 . 4 3 7 . 4 2 7 . 4 2 0 . 0 0 7 5 7 . 4 2

7 . 2 5 7 . 2 5 7 . 2 6 7 . 2 3 7 . 2 5 7 . 2 4 0 . 0 1 0 3 7 . 2 5

7 . 1 3 7 . 1 2 7 . 1 1 7 . 1 1 7 . 1 0 7 . 1 0 0 . 0 1 1 7 7 . 1 1

6 . 9 8 6 . 9 5 6 . 9 5 6 . 9 6 6 . 9 6 6 . 9 5 0 . 0 1 1 7 6 . 9 6

6 . 8 4 6 . 8 1 6 . 8 2 6 . 8 2 6 . 7 9 6 . 8 4 0 . 0 1 9 0 6 . 8 2

6 . 7 4 6 . 7 5 6 . 7 4 6 . 7 4 6 . 7 3 6 . 7 3 0 . 0 0 7 5 6 . 7 4

6 . 6 9 6 . 6 8 6 . 6 7 6 . 6 8 6 . 6 7 6 . 6 8 0 . 0 0 7 5 6 . 6 8

6 . 6 5 6 . 6 3 6 . 6 2 6 . 6 3 6 . 6 3 6 . 6 2 0 . 0 1 1 0 6 . 6 3

6 . 6 5 6 . 6 3 6 . 6 2 6 . 6 3 6 . 6 3 6 . 6 2 0 . 0 1 1 0 6 . 6 3        

A p p e n d i x H c o n t i n u e d .

4 2 3

 



 

 

 

           

T o o t h D l , W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 D 1 1 1 . 4 7 1 1 . 3 8 1 1 . 5 0 1 1 . 5 1 1 1 . 5 0 1 1 . 4 5 0 . 0 4 8 8 1 1 . 4 7

5 0 D 1 9 . 3 0 9 . 2 3 9 . 2 6 9 . 3 0 9 . 2 4 9 . 2 4 0 . 0 3 1 3 9 . 2 6

1 0 0 D 1 8 . 4 7 8 . 4 8 8 . 4 8 8 . 4 6 8 . 4 7 8 . 4 7 0 . 0 0 7 5 8 . 4 7

1 5 0 D 1 8 . 0 4 8 . 0 2 8 . 0 3 8 . 0 3 8 . 0 1 8 . 0 0 0 . 0 1 4 7 8 . 0 2

2 0 0 D 1 7 . 8 1 7 . 8 1 7 . 8 2 7 . 8 0 7 . 7 9 7 . 7 8 0 . 0 1 4 7 7 . 8 0

2 5 0 D 1 7 . 6 3 7 . 6 3 7 . 6 3 7 . 6 3 7 . 6 4 ' 7 . 6 7 0 . 0 1 6 0 7 . 6 4

3 0 0 D 1 7 . 5 7 7 . 5 6 7 . 5 6 7 . 5 5 7 . 5 6 7 . 5 5 0 . 0 0 7 5 7 . 5 6

3 5 0 D 1 7 . 4 0 7 . 4 1 7 . 4 1 7 . 4 1 7 . 4 1 7 . 4 0 0 . 0 0 5 2 7 . 4 1

4 0 0 D 1 7 . 3 2 7 . 3 1 7 . 3 2 7 . 3 2 7 . 3 0 7 . 3 1 0 . 0 0 8 2 7 . 3 1

4 5 0 D 1 7 . 1 2 7 . 1 2 7 . 1 4 7 . 1 4 7 . 1 3 7 . 1 1 0 . 0 1 2 1 7 . 1 3

5 0 0 D 1 7 . 0 0 6 . 9 9 6 . 9 8 6 . 9 7 6 . 9 8 6 . 9 8 0 . 0 1 0 3 6 . 9 8

5 5 0 D 1 6 . 8 4 6 . 8 4 6 . 8 2 6 . 8 4 6 . 8 2 6 . 8 3 0 . 0 0 9 8 6 . 8 3

6 0 0 D 1 6 . 7 5 6 . 7 6 6 . 7 4 6 . 7 4 6 . 7 3 6 . 7 2 0 . 0 1 4 1 6 . 7 4

6 5 0 D 1 6 . 6 0 6 . 5 9 6 . 5 8 6 . 6 1 6 . 6 0 6 . 5 9 0 . 0 1 0 5 6 . 6 0

7 0 0 D ] 6 . 5 2 6 . 5 2 6 . 4 9 6 . 5 0 6 . 5 2 6 . 5 1 0 . 0 1 2 6 6 . 5 1

7 5 0 D 1 6 . 4 1 6 . 3 8 6 . 3 9 6 . 3 7 6 . 3 7 6 . 3 8 0 . 0 1 5 1 6 . 3 8

8 0 0 D 1 6 . 2 6 6 . 2 6 6 . 2 5 6 . 2 3 6 . 2 3 6 . 2 0 0 . 0 2 3 2 6 . 2 4

8 5 0 D 1 6 . 1 0 6 . 0 7 6 . 0 9 6 . 1 0 6 . 0 9 6 . 0 9 0 . 0 1 1 0 6 . 0 9

9 0 0 D 1 5 . 9 5 5 . 9 6 5 . 9 7 5 . 9 5 5 . 9 6 5 . 9 6 0 . 0 0 7 5 5 . 9 6

9 5 0 D 1 5 . 8 1 5 . 7 9 5 . 8 1 5 . 8 0 5 . 8 2 5 . 7 9 0 . 0 1 2 1 5 . 8 0

1 0 0 0 D 1 5 . 6 6 5 . 6 7 5 . 6 8 5 . 6 6 5 . 6 7 5 . 6 6 0 . 0 0 8 2 5 . 6 7

A p p e n d i x H c o n t i n u e d .

4 2 4

 



 

 

 

 

 

          

T o o t h D 2 , W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 D 2 1 1 . 2 1 1 1 . 1 1 1 1 . 1 4 1 1 . 0 9 1 1 . 0 2 1 1 . 1 4 0 . 0 6 3 1 1 1 . 1 2

5 0 D 2 9 . 6 3 9 . 6 6 9 . 6 8 9 . 6 7 9 . 6 7 9 . 6 5 0 . 0 1 7 9 9 . 6 6

1 0 0 D 2 9 . 2 7 9 . 2 7 9 . 2 6 9 . 2 8 9 . 2 7 9 . 2 5 0 . 0 1 0 3 9 . 2 7

1 5 0 D 2 9 . 2 1 9 . 2 2 9 . 1 7 9 . 2 0 9 . 2 1 9 . 2 2 0 . 0 1 8 7 9 . 2 1

2 0 0 D 2 9 . 0 1 9 . 0 1 9 . 0 2 9 . 0 1 9 . 0 2 9 . 0 0 0 . 0 0 7 5 9 . 0 1

2 5 0 D 2 8 . 9 4 8 . 9 6 8 . 9 6 8 . 9 8 8 . 9 8 8 . 9 9 0 . 0 1 8 3 8 . 9 7

3 0 0 D 2 8 . 8 6 8 . 8 6 8 . 8 6 8 . 8 6 8 . 8 6 8 . 8 6 0 . 0 0 0 0 8 . 8 6

3 5 0 D 2 8 . 7 8 8 . 7 6 8 . 7 7 8 . 7 8 8 . 7 9 8 . 7 8 0 . 0 1 0 3 8 . 7 8

4 0 0 D 2 8 . 7 0 8 . 7 1 8 . 6 9 8 . 7 0 8 . 6 9 8 . 7 0 0 . 0 0 7 5 8 . 7 0

4 5 0 D 2 8 . 6 4 8 . 6 6 8 . 6 4 8 . 6 5 8 . 6 5 8 . 6 5 0 . 0 0 7 5 8 . 6 5

5 0 0 D 2 8 . 6 1 8 . 6 2 8 . 6 2 8 . 6 1 8 . 6 1 8 . 6 1 0 . 0 0 5 2 8 . 6 1

5 5 0 D 2 8 . 5 4 8 . 5 5 8 . 5 5 8 . 5 5 8 . 5 6 8 . 5 5 0 . 0 0 6 3 8 . 5 5

6 0 0 D 2 8 . 5 0 8 . 4 8 8 . 4 8 8 . 4 9 8 . 4 9 8 . 4 7 0 . 0 1 0 5 8 . 4 9

6 5 0 D 2 8 . 4 3 8 . 4 2 8 . 4 1 8 . 4 2 8 . 4 4 8 . 4 2 0 . 0 1 0 3 8 . 4 2

7 0 0 D 2 8 . 3 2 8 . 3 2 8 . 3 0 8 . 3 3 8 . 3 0 8 . 3 2 0 . 0 1 2 2 8 . 3 2

7 5 0 D 2 8 . 2 7 8 . 2 8 8 . 2 9 8 . 3 0 8 . 3 2 8 . 2 9 0 . 0 1 7 2 8 . 2 9

8 0 0 D 2 8 . 1 6 8 . 1 6 8 . 1 4 8 . 1 5 8 . 1 6 8 . 1 6 0 . 0 0 8 4 8 . 1 6

8 5 0 D 2 8 . 1 0 8 . 1 1 8 . 1 1 8 . 1 0 8 . 1 1 8 . 1 0 0 . 0 0 5 5 8 . 1 1

9 0 0 D 2 7 . 9 9 7 . 9 8 7 . 9 9 7 . 9 8 7 . 9 8 7 . 9 8 0 . 0 0 5 2 7 . 9 8

9 5 0 D 2 7 . 9 3 7 . 9 2 7 . 9 2 7 . 9 6 7 . 9 5 7 . 9 4 0 . 0 1 6 3 7 . 9 4

1 0 0 0 D 2 7 . 8 4 7 . 8 5 7 . 8 4 7 . 8 6 7 . 8 5 7 . 8 6 0 . 0 0 8 9 7 . 8 5

A p p e n d i x H c o n t i n u e d .

4 2 5

 



 

T o o t h D 3 , W i d t h i n m m
 

 

          

I l 2 3 4 5 6 S T D E V A v e r a g e

0 D 3 1 3 . 0 2 1 2 . 9 9 1 2 . 8 9 1 2 . 8 7 1 3 . 0 1 1 2 . 9 9 0 . 0 6 4 6 1 2 . 9 6

5 0 D 3 1 0 . 8 2 1 0 . 8 4 1 0 . 8 5 1 0 . 8 6 1 0 . 8 5 1 0 . 8 2 0 . 0 1 6 7 1 0 . 8 4

1 0 0 D 3 1 0 . 1 3 1 0 . 1 6 1 0 . 1 3 1 0 . 1 1 1 0 . 1 4 1 0 . 1 4 0 . 0 1 6 4 1 0 . 1 4

1 5 0 D 3 9 . 6 9 9 . 6 8 9 . 6 5 9 . 6 9 9 . 6 8 9 . 6 6 0 . 0 1 6 4 9 . 6 8

2 0 0 D 3 9 . 4 1 9 . 4 0 9 . 3 9 9 . 4 0 9 . 3 9 9 . 3 9 0 . 0 0 8 2 9 . 4 0

2 5 0 D 3 9 . 2 8 9 . 2 9 9 . 2 9 9 . 2 7 9 . 2 6 9 . 2 7 0 . 0 1 2 1 9 . 2 8

3 0 0 D 3 9 . 1 3 9 . 1 2 9 . 1 1 9 . 1 3 9 . 1 2 9 . 1 1 0 . 0 0 8 9 9 . 1 2

3 5 0 D 3 9 . 0 3 9 . 0 2 9 . 0 2 8 . 9 9 8 . 9 8 9 . 0 2 0 . 0 2 0 0 9 . 0 1

4 0 0 D 3 8 . 9 3 8 . 9 0 8 . 8 9 8 . 9 1 8 . 8 9 8 . 9 1 0 . 0 1 5 2 8 . 9 1

4 5 0 D 3 8 . 8 0 8 . 7 6 8 . 7 7 8 . 7 9 8 . 7 6 8 . 7 7 0 . 0 1 6 4 8 . 7 8

5 0 0 D 3 8 . 7 7 8 . 7 7 8 . 7 4 8 . 7 5 8 . 7 6 8 . 7 4 0 . 0 1 3 8 8 . 7 6

5 5 0 D 3 8 . 6 2 8 . 6 1 8 . 5 8 8 . 5 8 8 . 5 8 8 . 5 7 0 . 0 2 0 0 8 . 5 9

6 0 0 D 3 8 . 5 5 8 . 5 4 8 . 5 4 8 . 5 4 8 . 5 5 8 . 5 2 0 . 0 1 1 0 8 . 5 4

6 5 0 D 3 8 . 5 2 8 . 5 2 8 . 5 3 8 . 5 2 8 . 5 3 8 . 5 3 0 . 0 0 5 5 8 . 5 3

7 0 0 D 3 8 . 4 2 8 . 4 3 8 . 4 4 8 . 4 0 8 . 4 0 8 . 4 2 0 . 0 1 6 0 8 . 4 2

7 5 0 D 3 8 . 4 2 8 . 4 3 8 . 4 4 8 . 4 0 8 . 4 0 8 . 4 2 0 . 0 1 6 0 8 . 4 2

8 0 0 D 3 8 . 3 7 8 . 3 7 8 . 3 5 8 . 3 7 8 . 3 6 8 . 3 5 0 . 0 0 9 8 8 . 3 6

i 8 5 0 D 3 8 . 3 7 8 . 3 7 8 . 3 5 8 . 3 7 8 . 3 6 8 . 3 5 0 . 0 0 9 8 8 . 3 6

9 0 0 D 3 8 . 3 6 8 . 3 5 8 . 3 5 8 . 3 4 8 . 3 5 8 . 3 7 0 . 0 1 0 3 8 . 3 5

9 5 0 D 3 8 . 3 4 8 . 3 0 8 . 3 2 8 . 3 3 8 . 3 3 8 . 3 0 0 . 0 1 6 7 8 . 3 2

1 0 0 0 D 3 8 . 3 1 8 . 3 2 8 . 3 0 8 . 3 1 8 . 2 9 8 . 3 1 0 . 0 1 0 3 8 . 3 1

A p p e n d i x H c o n t i n u e d .

4 2 6

 

 

 



 

 

 

         

T o o t h E 1 , W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a fl

0 E 1 2 . 9 0 3 . 0 3 2 . 6 7 2 . 8 1 2 . 7 4 2 . 7 7 0 . 1 2 8 1 2 . 8 2

5 0 E 1 2 . 3 8 2 . 4 1 2 . 3 7 2 . 4 1 2 . 4 1 2 . 3 7 0 . 0 2 0 4 2 . 3 9

1 0 0 E 1 2 . 3 8 2 . 4 1 2 . 3 7 2 . 4 1 2 . 4 1 2 . 3 7 0 . 0 2 0 4 2 . 3 9

1 5 0 E l 2 . 2 2 2 . 2 3 2 . 2 0 2 . 2 0 2 . 2 3 2 . 2 0 0 . 0 1 5 1 2 . 2 1

2 0 0 E 1 2 . 1 2 2 . 1 3 2 . 1 2 2 . 1 2 2 . 1 2 2 . 1 2 0 . 0 0 4 1 2 . 1 2

2 5 0 E 1 2 . 0 6 2 . 0 6 2 . 0 7 2 . 1 0 2 . 0 9 2 . 0 8 0 . 0 1 6 3 2 . 0 8

3 0 0 E 1 2 . 0 6 2 . 0 6 2 . 0 7 2 . 1 0 2 . 0 9 2 . 0 8 0 . 0 1 6 3 2 . 0 8

3 5 0 E 1 2 . 0 2 2 . 0 2 2 . 0 3 2 . 0 3 2 . 0 3 2 . 0 3 0 . 0 0 5 2 2 . 0 3

4 0 0 E l 2 . 0 2 2 . 0 2 2 . 0 3 2 . 0 3 2 . 0 3 2 . 0 3 0 . 0 0 5 2 2 . 0 3

4 5 0 E l 2 . 0 2 2 . 0 2 2 . 0 3 2 . 0 3 2 . 0 3 2 . 0 3 0 . 0 0 5 2 2 . 0 3

5 0 0 E 1 1 . 9 8 2 . 0 0 1 . 9 9 1 . 9 8 1 . 9 8 1 . 9 8 0 . 0 0 8 4 1 . 9 9

5 5 0 E 1 1 . 9 6 1 . 9 6 1 . 9 6 1 . 9 6 1 . 9 6 1 . 9 5 0 . 0 0 4 1 1 . 9 6

6 0 0 E 1 1 . 9 4 1 . 9 4 1 . 9 5 1 . 9 6 1 . 9 4 1 . 9 5 0 . 0 0 8 2 1 . 9 5

6 5 0 E 1 1 . 9 2 1 . 9 2 1 . 9 2 1 . 9 2 1 . 9 2 1 . 9 2 0 . 0 0 0 0 1 . 9 2

7 0 0 E 1 1 . 9 2 1 . 9 2 1 . 9 2 1 . 9 2 1 . 9 2 1 . 9 2 0 . 0 0 0 0 1 . 9 2

7 5 0 E 1 1 . 9 1 1 . 9 2 1 . 9 1 1 . 9 1 1 . 9 1 1 . 9 1 0 . 0 0 4 1 1 . 9 1

8 0 0 E 1 1 . 8 9 1 . 8 9 1 . 9 0 1 . 9 0 1 . 9 0 1 . 9 0 0 . 0 0 5 2 1 . 9 0

8 5 0 E 1 1 . 8 9 1 . 8 9 1 . 9 0 1 . 9 0 1 . 9 0 1 . 9 0 0 . 0 0 5 2 1 . 9 0

9 0 0 E 1 1 . 8 8 1 . 8 9 1 . 8 9 1 . 8 9 1 . 8 9 1 . 9 0 0 . 0 0 6 3 1 . 8 9

9 5 0 E l 1 . 8 7 1 . 8 7 1 . 8 7 1 . 8 8 1 . 8 8 1 . 8 7 0 . 0 0 5 2 1 . 8 7

1 0 0 0 | E 1 1 . 8 6 1 . 8 6 1 . 8 7 1 . 8 7 1 . 8 8 1 . 8 7 0 . 0 0 7 5 1 . 8 7   

A p p e n d i x H c o n t i n u e d .

4 2 7



 

T o o t h E 2 , W i d t h i n m m
 

 

           

1 2 3 4 5 6 S T D E V A v e r a g e

0 E 2 7 . 5 9 7 . 8 3 7 . 8 4 7 . 8 1 7 . 8 2 7 . 8 0 0 . 0 9 5 0 7 . 7 8

5 0 E 2 6 . 4 4 6 . 4 6 6 . 5 1 6 . 5 0 6 . 4 5 6 . 4 9 0 . 0 2 8 8 6 . 4 8

1 0 0 E 2 6 . 3 0 6 . 2 9 6 . 3 1 6 . 2 8 6 . 3 0 6 . 3 0 0 . 0 1 0 3 6 . 3 0

1 5 0 E 2 5 . 8 0 5 . 8 1 5 . 7 8 5 . 8 0 5 . 8 1 5 . 8 2 0 . 0 1 3 7 5 . 8 0

2 0 0 E 2 5 . 7 1 5 . 7 2 5 . 7 3 5 . 6 9 5 . 7 1 5 . 7 3 0 . 0 1 5 2 5 . 7 2

2 5 0 E 2 5 . 3 0 5 . 3 1 5 . 3 1 5 . 3 1 5 . 3 0 5 . 3 1 0 . 0 0 5 2 5 . 3 1

3 0 0 E 2 5 . 2 2 5 . 2 3 5 . 2 2 5 . 2 3 5 . 2 2 5 . 2 3 0 . 0 0 5 5 5 . 2 3

3 5 0 E 2 5 . 0 4 5 . 0 4 5 . 0 4 5 . 0 3 5 . 0 3 5 . 0 3 0 . 0 0 5 5 5 . 0 4

4 0 0 E 2 5 . 0 4 5 . 0 4 5 . 0 4 5 . 0 3 5 . 0 3 5 . 0 3 0 . 0 0 5 5 5 . 0 4

4 5 0 E 2 4 . 8 5 4 . 8 1 4 . 8 3 4 . 8 6 4 . 8 6 4 . 8 5 0 . 0 1 9 7 4 . 8 4

5 0 0 E 2 4 . 8 5 4 . 8 1 4 . 8 3 4 . 8 6 4 . 8 6 4 . 8 5 0 . 0 1 9 7 4 . 8 4

5 5 0 E 2 4 . 7 1 4 . 7 3 4 . 6 9 4 . 6 9 4 . 7 1 4 . 7 2 0 . 0 1 6 0 4 . 7 1

6 0 0 E 2 4 . 7 1 4 . 7 3 4 . 6 9 4 . 6 9 4 . 7 1 4 . 7 2 0 . 0 1 6 0 4 . 7 1

6 5 0 E 2 4 . 7 1 4 . 7 3 4 . 6 9 4 . 6 9 4 . 7 1 4 . 7 2 0 . 0 1 6 0 4 . 7 1

7 0 0 E 2 4 . 7 1 4 . 7 3 4 . 6 9 4 . 6 9 4 . 7 1 4 . 7 2 0 . 0 1 6 0 4 . 7 1

7 5 0 E 2 4 . 7 1 4 . 7 3 4 . 6 9 4 . 6 9 4 . 7 1 4 . 7 2 0 . 0 1 6 0 4 . 7 1

8 0 0 E 2 4 . 6 8 4 . 6 8 4 . 6 5 4 . 6 8 4 . 6 8 4 . 6 7 0 . 0 1 2 1 4 . 6 7

8 5 0 E 2 4 . 6 2 4 . 6 3 4 . 6 2 4 . 6 3 4 . 6 1 4 . 6 1 0 . 0 0 8 9 4 . 6 2

9 0 0 E 2 4 . 4 6 4 . 4 6 4 . 4 7 4 . 4 8 4 . 5 1 4 . 4 8 0 . 0 1 8 6 4 . 4 8

9 5 0 E 2 4 . 4 6 4 . 4 6 4 . 4 7 4 . 4 8 4 . 5 1 4 . 4 8 0 . 0 1 8 6 4 . 4 8

1 0 0 0 E 2 4 . 4 6 4 . 4 6 4 . 4 7 4 . 4 8 4 . 5 1 4 . 4 8 0 . 0 1 8 6 4 . 4 8

A p p e n d i x H c o n t i n u e d .

4 2 8

 



 

 

 

          

T o o t h E 3 , W i d t h i n m m

| 1 2 3 4 5 6 S T D E V A v e r a g e
0 E 3 1 1 . 7 6 1 1 . 6 0 1 1 . 5 8 1 1 . 5 5 1 1 . 5 7 1 1 . 5 5 0 . 0 7 9 9 1 1 . 6 0 -
5 0 E 3 9 . 5 4 9 . 5 2 9 . 5 0 9 . 5 0 9 . 5 3 9 . 5 0 0 . 0 1 7 6 9 . 5 2
1 0 0 E 3 8 . 8 9 8 . 8 6 8 . 9 0 8 . 8 8 8 . 9 1 8 . 9 1 0 . 0 1 9 4 8 . 8 9
1 5 0 E 3 8 . 8 4 8 . 8 4 8 . 8 1 8 . 8 2 8 . 8 2 8 . 8 1 0 . 0 1 3 7 8 . 8 2
2 0 0 E 3 8 . 7 2 8 . 7 2 8 . 7 0 8 . 7 1 8 . 7 3 8 . 7 3 0 . 0 1 1 7 8 . 7 2
2 5 0 E 3 8 . 5 5 8 . 5 4 8 . 5 6 8 . 5 6 8 . 5 7 8 . 5 8 0 . 0 1 4 1 8 . 5 6
3 0 0 E 3 8 . 5 1 8 . 4 9 8 . 5 0 8 . 5 1 8 . 5 0 8 . 5 1 0 . 0 0 8 2 8 . 5 0
3 5 0 E 3 8 . 5 1 8 . 4 9 8 . 5 0 8 . 5 1 8 . 5 0 8 . 5 1 0 . 0 0 8 2 8 . 5 0
4 0 0 E 3 8 . 5 1 8 . 4 9 8 . 5 0 8 . 5 1 8 . 5 0 8 . 5 1 0 . 0 0 8 2 8 . 5 0
4 5 0 E 3 8 . 4 8 8 . 4 8 8 . 4 7 8 . 4 4 8 . 4 5 8 . 4 5 0 . 0 1 7 2 8 . 4 6
5 0 0 E 3 8 . 4 2 8 . 4 3 8 . 4 4 8 . 4 1 8 . 4 3 8 . 4 3 0 . 0 1 0 3 8 . 4 3
5 5 0 E 3 8 . 2 4 8 . 2 4 8 . 2 4 8 . 2 3 8 . 2 2 8 . 2 3 0 . 0 0 8 2 8 . 2 3
6 0 0 E 3 8 . 1 0 8 . 1 1 8 . 1 0 8 . 1 1 8 . 0 9 8 . 1 0 0 . 0 0 7 5 8 . 1 0
6 5 0 E 3 8 . 0 3 8 . 0 4 8 . 0 6 8 . 0 5 8 . 0 6 8 . 0 6 0 . 0 1 2 6 8 . 0 5
7 0 0 E 3 7 . 9 5 7 . 9 6 7 . 9 4 7 . 9 5 7 . 9 7 7 . 9 4 0 . 0 1 1 7 7 . 9 5
7 5 0 E 3 7 . 9 3 7 . 9 0 7 . 9 3 7 . 9 3 7 . 9 2 7 . 9 4 0 . 0 1 3 8 7 . 9 3
8 0 0 E 3 7 . 9 1 7 . 8 9 7 . 9 0 7 . 9 0 7 . 9 0 7 . 9 1 0 . 0 0 7 5 7 . 9 0
8 5 0 E 3 7 . 8 7 7 . 8 9 7 . 8 7 7 . 8 8 7 . 8 7 7 . 8 8 0 . 0 0 8 2 7 . 8 8
9 0 0 E 3 7 . 8 2 7 . 8 3 7 . 8 3 7 . 8 4 7 . 8 3 7 . 8 4 0 . 0 0 7 5 7 . 8 3
9 5 0 E 3 7 . 8 3 7 . 8 2 7 . 8 1 7 . 8 2 7 . 8 1 7 . 8 2 0 . 0 0 7 5 7 . 8 2
1 0 0 0 E 3 7 . 8 3 7 . 8 2 7 . 8 1 7 . 8 2 7 . 8 1 7 . 8 2 0 . 0 0 7 5 7 . 8 2
 

A p p e n d i x H c o n t i n u e d .

4 2 9



 

 

 

           

T o o t h F 1 , W i d t h i n m m

| 1 2 3 4 5 6 S T D E V A v e r a g e
0 F 1 9 . 2 2 9 . 3 0 9 . 3 7 9 . 3 8 9 . 3 9 9 . 3 9 0 . 0 6 8 5 9 . 3 4 1 :

5 0 F l 8 . 4 2 8 . 4 7 8 . 4 9 8 . 4 6 8 . 4 3 8 . 4 6 0 . 0 2 5 9 8 . 4 6

1 0 0 F 1 7 . 9 9 8 . 0 2 8 . 0 3 8 . 0 4 8 . 0 2 8 . 0 2 0 . 0 1 6 7 8 . 0 2

1 5 0 F 1 7 . 8 5 7 . 8 6 7 . 8 7 7 . 8 7 7 . 8 6 7 . 8 7 0 . 0 0 8 2 7 . 8 6

2 0 0 F 1 7 . 7 0 7 . 7 2 7 . 7 3 7 . 7 2 7 . 7 2 7 . 7 0 0 . 0 1 2 2 7 . 7 2

2 5 0 F 1 7 . 6 0 7 . 5 9 7 . 5 9 7 . 6 0 7 . 6 1 7 . 6 3 0 . 0 1 5 1 7 . 6 0

3 0 0 F 1 7 . 5 3 7 . 5 3 7 . 5 4 7 . 5 2 7 . 5 2 7 . 5 3 0 . 0 0 7 5 7 . 5 3

3 5 0 F 1 7 . 3 7 7 . 3 8 7 . 3 7 7 . 3 8 7 . 3 8 7 . 3 7 0 . 0 0 5 5 7 . 3 8

4 0 0 F 1 7 . 2 8 7 . 2 8 7 . 2 8 7 . 2 5 7 . 2 8 7 . 2 7 0 . 0 1 2 1 7 . 2 7

4 5 0 F 1 7 . 1 6 7 . 1 6 7 . 1 7 7 . 1 7 7 . 1 5 7 . 1 5 0 . 0 0 8 9 7 . 1 6

5 0 0 F 1 7 . 0 4 7 . 0 7 7 . 0 7 7 . 0 6 7 . 0 7 7 . 0 7 0 . 0 1 2 1 7 . 0 6

5 5 0 F 1 6 . 9 8 6 . 9 7 6 . 9 8 6 . 9 7 6 . 9 6 6 . 9 7 0 . 0 0 7 5 6 . 9 7

6 0 0 F 1 6 . 9 0 6 . 9 2 6 . 8 9 6 . 8 9 6 . 9 0 6 . 9 1 0 . 0 1 1 7 6 . 9 0

6 5 0 F 1 6 . 8 5 6 . 8 5 6 . 8 4 6 . 8 6 6 . 8 5 6 . 8 7 0 . 0 1 0 3 6 . 8 5

7 0 0 F 1 6 . 8 2 6 . 8 2 6 . 8 2 6 . 8 1 6 . 8 2 6 . 8 0 0 . 0 0 8 4 6 . 8 2

7 5 0 F 1 6 . 7 7 6 . 7 7 6 . 7 8 6 . 7 8 6 . 7 7 6 . 7 6 0 . 0 0 7 5 6 . 7 7

8 0 0 F 1 6 . 7 6 6 . 7 4 6 . 7 4 6 . 7 2 6 . 7 6 6 . 7 5 0 . 0 1 5 2 6 . 7 5

8 5 0 F 1 6 . 7 0 6 . 7 1 6 . 7 0 6 . 7 1 6 . 7 1 6 . 7 0 0 . 0 0 5 5 6 . 7 1

9 0 0 F 1 6 . 7 0 6 . 7 1 6 . 7 0 6 . 6 9 6 . 7 2 6 . 6 9 0 . 0 1 1 7 6 . 7 0

9 5 0 F 1 6 . 6 5 6 . 6 6 6 . 6 5 6 . 6 5 6 . 6 4 6 . 6 5 0 . 0 0 6 3 6 . 6 5

1 0 0 0 F 1 6 . 6 1 6 . 6 0 6 . 6 2 6 . 6 2 6 . 6 2 6 . 6 2 0 . 0 0 8 4 6 . 6 2

A p p e n d i x H c o n t i n u e d .

4 3 0



 

 

 

          

T o o t h F 2 , W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 F 2 1 2 . 5 5 1 2 . 5 2 1 2 . 5 1 1 2 . 4 9 1 2 . 5 5 1 2 . 5 5 0 . 0 2 5 6 1 2 . 5 3

5 0 F 2 1 0 . 4 9 1 0 . 4 8 1 0 . 4 7 1 0 . 4 6 1 0 . 4 6 1 0 . 4 5 0 . 0 1 4 7 1 0 . 4 7

1 0 0 F 2 9 . 8 6 9 . 8 4 9 . 7 5 9 . 7 6 9 . 7 7 9 . 7 7 0 . 0 4 6 2 9 . 7 9

1 5 0 F 2 9 . 4 3 9 . 4 5 9 . 4 3 9 . 4 5 9 . 4 4 9 . 4 3 0 . 0 0 9 8 9 . 4 4

2 0 0 F 2 9 . 1 0 9 . 1 0 9 . 0 9 9 . 1 1 9 . 1 2 9 . 1 0 0 . 0 1 0 3 9 . 1 0

2 5 0 F 2 9 . 0 0 9 . 0 2 9 . 0 3 9 . 0 0 9 . 0 1 9 . 0 1 0 . 0 1 1 7 9 . 0 1

3 0 0 F 2 8 . 9 0 8 . 8 8 8 . 9 1 8 . 8 8 8 . 9 1 8 . 9 1 0 . 0 1 4 7 8 . 9 0

3 5 0 F 2 8 . 7 4 8 . 7 4 8 . 7 3 8 . 7 2 8 . 7 3 8 . 7 2 0 . 0 0 8 9 8 . 7 3

4 0 0 F 2 8 . 5 3 8 . 5 4 8 . 5 2 8 . 5 2 8 . 5 0 8 . 5 1 0 . 0 1 4 1 8 . 5 2

4 5 0 F 2 8 . 3 3 8 . 3 6 8 . 3 5 8 . 3 5 8 . 3 5 8 . 3 5 0 . 0 0 9 8 8 . 3 5

5 0 0 F 2 8 . 2 5 8 . 2 5 8 . 2 7 8 . 2 8 8 . 2 6 8 . 2 7 0 . 0 1 2 1 8 . 2 6

5 5 0 F 2 8 . 1 5 8 . 1 2 8 . 1 3 8 . 1 4 8 . 1 5 8 . 1 4 0 . 0 1 1 7 8 . 1 4

6 0 0 F 2 8 . 0 6 8 . 0 5 8 . 0 4 8 . 0 5 8 . 0 3 8 . 0 4 0 . 0 1 0 5 8 . 0 5

6 5 0 F 2 7 . 9 5 7 . 9 6 7 . 9 6 7 . 9 5 7 . 9 7 7 . 9 6 0 . 0 0 7 5 7 . 9 6

7 0 0 F 2 7 . 9 2 7 . 9 2 7 . 9 3 7 . 9 2 7 . 9 3 7 . 9 2 0 . 0 0 5 2 7 . 9 2

7 5 0 F 2 7 . 8 1 7 . 8 2 7 . 8 1 7 . 8 2 7 . 8 2 7 . 8 0 0 . 0 0 8 2 7 . 8 1

8 0 0 F 2 7 . 7 3 7 . 7 2 7 . 7 1 7 . 7 3 7 . 7 1 7 . 7 3 0 . 0 0 9 8 7 . 7 2

8 5 0 F 2 7 . 6 4 7 . 6 2 7 . 6 4 7 . 6 2 7 . 6 5 7 . 6 3 0 . 0 1 2 1 7 . 6 3

9 0 0 F 2 7 . 5 9 7 . 5 9 7 . 5 7 7 . 5 6 7 . 5 7 7 . 5 8 0 . 0 1 2 1 7 . 5 8

9 5 0 F 2 7 . 5 6 7 . 5 5 7 . 5 2 7 . 5 4 7 . 5 4 7 . 5 4 0 . 0 1 3 3 7 . 5 4

1 0 0 0 | F 2 7 . 5 0 7 . 5 0 7 . 4 9 7 . 5 0 7 . 4 9 7 . 4 8 0 . 0 0 8 2 7 . 4 9
 

A p p e n d i x H c o n t i n u e d .

4 3 1

 



 

 

 

          

T o o t h F 3 , W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 F 3 1 0 . 4 2 1 0 . 4 5 1 0 . 4 2 1 0 . 4 4 1 0 . 4 2 1 0 . 4 2 0 . 0 1 3 3 1 0 . 4 3

5 0 F 3 9 . 4 7 9 . 4 4 9 . 4 6 9 . 4 5 9 . 4 6 9 . 4 5 0 . 0 1 0 5 9 . 4 6

1 0 0 F 3 9 . 1 6 9 . 1 6 9 . 1 4 9 . 1 6 9 . 1 6 9 . 1 7 0 . 0 0 9 8 9 . 1 6

1 5 0 F 3 9 . 0 1 8 . 9 8 9 . 0 3 9 . 0 3 9 . 0 3 9 . 0 3 0 . 0 2 0 4 9 . 0 2

2 0 0 F 3 8 . 9 2 8 . 9 2 8 . 9 3 8 . 9 3 8 . 9 2 8 . 9 3 0 . 0 0 5 5 8 . 9 3

2 5 0 F 3 8 . 8 4 8 . 8 5 8 . 8 5 8 . 8 4 8 . 8 5 8 . 8 5 0 . 0 0 5 2 8 . 8 5

3 0 0 F 3 8 . 8 4 8 . 8 5 8 . 8 5 8 . 8 4 8 . 8 5 8 . 8 5 0 . 0 0 5 2 8 . 8 5

3 5 0 F 3 8 . 8 2 8 . 8 2 8 . 8 3 8 . 8 2 8 . 8 2 8 . 8 2 0 . 0 0 4 1 8 . 8 2

4 0 0 F 3 8 . 7 5 8 . 7 4 8 . 7 7 8 . 7 6 8 . 7 6 8 . 7 5 0 . 0 1 0 5 8 . 7 6

4 5 0 F 3 8 . 6 7 8 . 6 7 8 . 6 7 8 . 6 9 8 . 6 8 8 . 6 8 0 . 0 0 8 2 8 . 6 8

5 0 0 F 3 8 . 6 7 8 . 6 7 8 . 6 7 8 . 6 9 8 . 6 8 8 . 6 8 0 . 0 0 8 2 8 . 6 8

5 5 0 F 3 8 . 6 5 8 . 6 5 8 . 6 6 8 . 6 6 8 . 6 6 8 . 6 2 0 . 0 1 5 5 8 . 6 5

6 0 0 F 3 8 . 6 1 8 . 6 2 8 . 6 1 8 . 6 2 8 . 6 2 8 . 6 2 0 . 0 0 5 2 8 . 6 2

6 5 0 F 3 8 . 6 1 8 . 6 2 8 . 6 1 8 . 5 9 8 . 6 0 8 . 5 9 0 . 0 1 2 1 8 . 6 0

7 0 0 F 3 8 . 5 9 8 . 5 8 8 . 5 7 8 . 6 0 8 . 5 7 8 . 6 0 0 . 0 1 3 8 8 . 5 9

7 5 0 F 3 8 . 5 5 8 . 5 3 8 . 5 4 8 . 5 5 8 . 5 6 8 . 5 4 0 . 0 1 0 5 8 . 5 5

8 0 0 F 3 8 . 5 2 8 . 5 1 8 . 5 3 8 . 5 4 8 . 5 4 8 . 5 5 0 . 0 1 4 7 8 . 5 3

8 5 0 F 3 8 . 4 6 8 . 4 8 8 . 4 8 8 . 4 8 8 . 4 7 8 . 4 8 0 . 0 0 8 4 8 . 4 8

9 0 0 F 3 8 . 4 6 8 . 4 5 8 . 4 3 8 . 4 4 8 . 4 5 8 . 4 4 0 . 0 1 0 5 8 . 4 5

9 5 0 F 3 8 . 4 4 8 . 4 5 8 . 4 5 8 . 4 3 8 . 4 4 8 . 4 2 0 . 0 1 1 7 8 . 4 4

1 0 0 0 F 3 8 . 4 3 8 . 4 2 8 . 4 1 8 . 4 1 8 . 4 1 8 . 4 0 0 . 0 1 0 3 8 . 4 1
 

A p p e n d i x H c o n t i n u e d .

4 3 2

 



 

T o o t h G 1 , W i d t h i n m m
 

 

          

1 2 3 4 5 6 S T D E V A v e r a g e

0 G I 8 . 6 6 8 . 6 5 8 . 6 1 8 . 6 1 8 . 6 2 8 . 6 2 0 . 0 2 1 4 8 . 6 3 . q

5 0 G 1 7 . 9 3 7 . 9 5 7 . 9 4 7 . 9 3 7 . 9 5 7 . 9 3 0 . 0 0 9 8 7 . 9 4

1 0 0 G 1 7 . 6 9 7 . 6 7 7 . 6 7 7 . 6 7 7 . 6 7 7 . 6 8 0 . 0 0 8 4 7 . 6 8

1 5 0 G 1 7 . 5 7 7 . 5 6 7 . 5 4 7 . 5 6 7 . 5 6 7 . 5 6 0 . 0 0 9 8 7 . 5 6

2 0 0 G 1 7 . 4 6 7 . 4 4 7 . 4 6 7 . 4 5 7 . 4 5 7 . 4 4 0 . 0 0 8 9 7 . 4 5

2 5 0 G 1 7 . 3 3 7 . 3 1 7 . 3 0 7 . 3 1 7 . 3 5 7 . 3 5 0 . 0 2 1 7 7 . 3 3

3 0 0 G 1 7 . 2 7 7 . 2 3 7 . 2 4 7 . 2 5 7 . 2 5 7 . 2 6 0 . 0 1 4 1 7 . 2 5

3 5 0 G 1 7 . 1 7 7 . 1 6 7 . 1 7 7 . 1 9 7 . 1 8 7 . 1 7 0 . 0 1 0 3 7 . 1 7

4 0 0 G 1 7 . 1 0 7 . 1 2 7 . 1 0 7 . 1 1 7 . 1 2 7 . 1 1 0 . 0 0 8 9 7 . 1 1

4 5 0 G 1 7 . 0 2 7 . 0 0 7 . 0 2 6 . 9 8 6 . 9 9 6 . 9 8 0 . 0 1 8 3 7 . 0 0

5 0 0 G 1 6 . 9 4 6 . 9 4 6 . 9 5 6 . 9 6 6 . 9 2 6 . 9 4 0 . 0 1 3 3 6 . 9 4

5 5 0 G I 6 . 8 2 6 . 8 1 6 . 8 2 6 . 7 8 6 . 7 9 6 . 8 0 0 . 0 1 6 3 6 . 8 0

6 0 0 G 1 6 . 7 0 6 . 7 1 6 . 7 1 6 . 7 2 6 . 7 0 6 . 6 8 0 . 0 1 3 7 6 . 7 0

6 5 0 G 1 6 . 6 6 6 . 6 8 6 . 6 6 6 . 6 7 6 . 6 7 6 . 6 4 0 . 0 1 3 7 6 . 6 6

7 0 0 G 1 6 . 6 3 6 . 6 1 6 . 6 1 6 . 6 0 6 . 6 0 6 . 6 1 0 . 0 1 1 0 6 . 6 1

7 5 0 G 1 6 . 5 7 6 . 5 5 6 . 5 4 6 . 5 4 6 . 5 7 6 . 5 8 0 . 0 1 7 2 6 . 5 6

8 0 0 G 1 6 . 5 1 6 . 5 3 6 . 5 1 6 . 5 0 6 . 5 1 6 . 5 2 0 . 0 1 0 3 6 . 5 1

8 5 0 G 1 6 . 4 6 6 . 4 5 6 . 4 7 6 . 4 6 6 . 4 5 6 . 4 7 0 . 0 0 8 9 6 . 4 6

9 0 0 G 1 6 . 4 4 6 . 4 5 6 . 4 6 6 . 4 5 6 . 4 6 6 . 4 6 0 . 0 0 8 2 6 . 4 5

9 5 0 G 1 6 . 4 4 6 . 4 5 6 . 4 6 6 . 4 5 6 . 4 6 6 . 4 6 0 . 0 0 8 2 6 . 4 5

1 0 0 0 1 G 1 6 . 4 3 6 . 4 3 6 . 4 2 6 . 4 5 6 . 3 9 6 . 4 0 0 . 0 2 1 9 6 . 4 2
 

A p p e n d i x H c o n t i n u e d .

4 3 3

 



 

 

 

         

T o o t h G 2 , W i d t h i n m m

I 1 2 3 4 5 6 S T D E V A v e r a g e
0 G 2 1 0 . 1 4 1 0 . 1 5 1 0 . 1 6 1 0 . 1 4 1 0 . 1 6 1 0 . 1 5 0 . 0 0 8 9 1 0 . 1 5

5 0 G 2 8 . 7 3 8 . 7 5 8 . 7 3 8 . 7 3 8 . 7 5 8 . 7 3 0 . 0 1 0 3 8 . 7 4

1 0 0 G 2 8 . 3 4 8 . 3 2 8 . 3 3 8 . 3 6 8 . 3 3 8 . 3 2 0 . 0 1 5 1 8 . 3 3

1 5 0 G 2 7 . 7 6 _ 7 . 7 4 7 . 7 1 7 . 7 3 7 . 7 5 7 . 7 6 0 . 0 1 9 4 7 . 7 4

2 0 0 G 2 7 . 5 2 7 . 5 3 7 . 5 1 7 . 5 1 7 . 5 0 7 . 5 1 0 . 0 1 0 3 7 . 5 1

2 5 0 G 2 7 . 2 4 7 . 2 1 7 . 2 6 7 . 2 8 7 . 2 7 7 . 2 6 0 . 0 2 5 0 7 . 2 5

3 0 0 G 2 7 . 0 5 7 . 0 6 7 . 0 6 7 . 0 8 7 . 0 7 7 . 0 6 0 . 0 1 0 3 7 . 0 6

3 5 0 G 2 6 . 9 5 6 . 9 4 6 . 9 3 6 . 9 2 6 . 9 3 6 . 9 3 0 . 0 1 0 3 6 . 9 3

4 0 0 G 2 6 . 7 0 6 . 6 9 6 . 6 9 6 . 6 8 6 . 7 0 6 . 7 1 0 . 0 1 0 5 6 . 7 0

4 5 0 G 2 6 . 7 0 6 . 6 9 6 . 6 9 6 . 6 8 6 . 7 0 6 . 7 1 0 . 0 1 0 5 6 . 7 0

5 0 0 G 2 6 . 6 1 6 . 6 1 6 . 6 1 6 . 6 0 6 . 6 0 6 . 6 0 0 . 0 0 5 5 6 . 6 1

5 5 0 G 2 6 . 3 8 6 . 7 0 6 . 3 8 6 . 3 8 6 . 3 6 6 . 3 5 0 . 1 3 5 3 6 . 4 3

6 0 0 G 2 6 . 2 6 6 . 2 5 6 . 2 6 6 . 2 6 6 . 2 7 6 . 2 5 0 . 0 0 7 5 6 . 2 6

6 5 0 G 2 6 . 1 4 6 . 1 6 6 . 1 5 6 . 1 3 6 . 1 2 6 . 1 3 0 . 0 1 4 7 6 . 1 4

7 0 0 G 2 6 . 0 7 6 . 0 5 6 . 0 6 6 . 0 7 6 . 0 5 6 . 0 6 0 . 0 0 8 9 6 . 0 6

7 5 0 G 2 5 . 9 7 5 . 9 8 5 . 9 7 5 . 9 7 5 . 9 8 5 . 9 7 0 . 0 0 5 2 5 . 9 7

8 0 0 G 2 5 . 9 3 5 . 9 4 5 . 9 2 5 . 9 0 5 . 8 9 5 . 9 0 0 . 0 1 9 7 5 . 9 1

8 5 0 G 2 5 . 8 5 5 . 8 7 5 . 8 7 5 . 8 7 5 . 8 6 5 . 8 7 0 . 0 0 8 4 5 . 8 7

9 0 0 G 2 5 . 8 4 5 . 8 4 5 . 8 5 5 . 8 3 5 . 8 5 5 . 8 2 0 . 0 1 1 7 5 . 8 4

9 5 0 G 2 5 . 7 7 5 . 7 6 5 . 7 6 5 . 7 7 5 . 7 7 5 . 7 5 0 . 0 0 8 2 5 . 7 6

1 0 0 0 G 2 5 . 7 4 5 . 7 6 5 . 7 3 5 . 7 5 5 . 7 4 5 . 7 5 0 . 0 1 0 5 5 . 7 5
 

A p p e n d i x H c o n t i n u e d .

4 3 4

 



 

T o o t h G 3 L W i d t h i n m m
 

 

 

1 2 3 4 5 6 S T D E V A v e r a g e

0 G 3 1 3 . 6 6 1 3 . 6 5 1 3 . 6 4 1 3 . 6 5 1 3 . 6 7 1 3 . 6 5 0 . 0 1 0 3 1 3 . 6 5

5 0 G 3 1 2 . 2 8 1 2 . 3 0 1 2 . 2 8 1 2 . 2 7 1 2 . 2 7 1 2 . 3 0 0 . 0 1 3 7 1 2 . 2 8

1 0 0 G 3 1 1 . 7 6 1 1 . 7 4 1 1 . 7 6 1 1 . 7 6 1 1 . 7 9 1 1 . 7 6 0 . 0 1 6 0 1 1 . 7 6

1 5 0 G 3 1 1 . 4 4 1 1 . 4 5 1 1 . 4 5 1 1 . 4 3 1 1 . 4 5 1 1 . 4 4 0 . 0 0 8 2 1 1 . 4 4

2 0 0 G 3 1 1 . 1 6 1 1 . 1 4 1 1 . 1 4 1 1 . 1 7 1 1 . 1 7 1 1 . 1 4 0 . 0 1 5 1 1 1 . 1 5

2 5 0 G 3 1 0 . 9 2 1 0 . 9 3 1 0 . 9 1 1 0 . 9 3 1 0 . 9 3 1 0 . 9 2 0 . 0 0 8 2 1 0 . 9 2

3 0 0 G 3 1 0 . 6 5 1 0 . 6 4 1 0 . 6 2 1 0 . 6 5 1 0 . 6 2 1 0 . 6 5 0 . 0 1 4 7 1 0 . 6 4

3 5 0 G 3 1 0 . 5 2 1 0 . 5 1 1 0 . 5 0 1 0 . 5 1 1 0 . 5 0 1 0 . 5 1 0 . 0 0 7 5 1 0 . 5 1

4 0 0 G 3 1 0 . 3 8 1 0 . 3 6 1 0 . 3 6 1 0 . 3 6 1 0 . 3 7 1 0 . 3 8 0 . 0 0 9 8 1 0 . 3 7

4 5 0 G 3 1 0 . 2 3 1 0 . 2 4 1 0 . 2 3 1 0 . 2 5 1 0 . 2 4 1 0 . 2 4 0 . 0 0 7 5 1 0 . 2 4

5 0 0 G 3 1 0 . 0 6 1 0 . 0 8 1 0 . 0 9 1 0 . 1 0 1 0 . 1 0 1 0 . 1 1 0 . 0 1 7 9 1 0 . 0 9

5 5 0 G 3 9 . 9 1 9 . 9 2 9 . 9 3 9 . 9 4 9 . 9 4 9 . 9 4 0 . 0 1 2 6 9 . 9 3

6 0 0 G 3 9 . 8 0 9 . 8 1 9 . 8 0 9 . 7 9 9 . 8 2 9 . 8 0 0 . 0 1 0 3 9 . 8 0

6 5 0 G 3 9 . 7 5 9 . 7 6 9 . 7 5 9 . 7 6 9 . 7 5 9 . 7 4 0 . 0 0 7 5 9 . 7 5

7 0 0 G 3 9 . 5 8 9 . 5 8 9 . 6 1 9 . 6 3 9 . 6 1 9 . 6 0 0 . 0 1 9 4 9 . 6 0

7 5 0 G 3 9 . 6 0 9 . 5 9 9 . 5 7 9 . 5 7 9 . 6 0 9 . 5 7 0 . 0 1 5 1 9 . 5 8

8 0 0 G 3 9 . 4 8 9 . 4 7 9 . 4 7 9 . 4 8 9 . 5 0 9 . 4 7 0 . 0 1 1 7 9 . 4 8

8 5 0 G 3 9 . 3 8 9 . 4 0 9 . 3 8 9 . 4 0 9 . 4 1 9 . 4 1 0 . 0 1 3 7 9 . 4 0

9 0 0 G 3 9 . 4 0 9 . 3 8 9 . 3 9 9 . 4 0 9 . 3 9 9 . 4 0 0 . 0 0 8 2 9 . 3 9

9 5 0 G 3 9 . 3 6 9 . 3 5 9 . 3 6 9 . 3 8 9 . 3 8 9 . 3 6 0 . 0 1 2 2 9 . 3 7

1 0 0 0 G 3 9 . 2 5 9 . 2 4 9 . 2 3 9 . 2 6 9 . 2 3 9 . 2 4 0 . 0 1 1 7 9 . 2 4          

A p p e n d i x H c o n t i n u e d .

4 3 5

 



 

 

 

          

T o o t h H I L W i d t h i n m

I 1 2 3 4 5 6 S T D E V A v e r a g e
0 H 1 9 . 5 5 9 . 5 4 9 . 5 1 9 . 4 8 9 . 4 8 9 . 5 3 0 . 0 3 0 2 9 . 5 2

5 0 H 1 7 . 7 4 7 . 7 4 7 . 7 2 7 . 7 2 7 . 7 3 7 . 7 0 0 . 0 1 5 2 7 . 7 3

1 0 0 H 1 7 . 1 0 7 . 1 0 7 . 1 3 7 . 1 3 7 . 1 3 7 . 1 2 0 . 0 1 4 7 7 . 1 2

1 5 0 H 1 6 . 8 0 6 . 7 8 6 . 7 9 6 . 7 8 6 . 7 9 6 . 7 7 0 . 0 1 0 5 6 . 7 9

2 0 0 H 1 6 . 6 1 6 . 6 2 6 . 6 1 6 . 6 1 6 . 6 2 6 . 6 0 0 . 0 0 7 5 6 . 6 1

2 5 0 H 1 6 . 4 7 6 . 4 9 6 . 4 9 6 . 4 8 6 . 4 7 6 . 4 8 0 . 0 0 8 9 6 . 4 8

3 0 0 H 1 6 . 3 9 6 . 3 9 6 . 3 8 6 . 3 8 6 . 3 8 6 . 3 8 0 . 0 0 5 2 6 . 3 8

3 5 0 H 1 6 . 2 5 6 . 2 3 6 . 2 4 6 . 2 5 6 . 2 5 6 . 2 3 0 . 0 0 9 8 6 . 2 4

4 0 0 H 1 6 . 1 4 6 . 1 3 6 . 1 2 6 . 1 2 6 . 1 2 6 . 1 2 0 . 0 0 8 4 6 . 1 3

4 5 0 H 1 5 . 9 7 5 . 9 8 6 . 0 0 5 . 9 8 5 . 9 6 5 . 9 7 0 . 0 1 3 7 5 . 9 8

5 0 0 H 1 5 . 8 8 5 . 9 0 5 . 8 9 5 . 8 9 5 . 8 7 5 . 8 8 0 . 0 1 0 5 5 . 8 9

5 5 0 H 1 5 . 7 9 5 . 7 9 5 . 7 7 5 . 7 7 5 . 7 8 5 . 7 8 0 . 0 0 8 9 5 . 7 8

6 0 0 H 1 5 . 6 9 5 . 7 1 5 . 6 9 5 . 7 0 5 . 7 0 5 . 6 9 0 . 0 0 8 2 5 . 7 0

6 5 0 H 1 5 . 6 2 5 . 6 1 5 . 6 1 5 . 5 9 5 . 5 9 5 . 5 9 0 . 0 1 3 3 5 . 6 0

7 0 0 H 1 5 . 5 5 5 . 5 5 5 . 5 5 5 . 5 5 5 . 5 5 5 . 5 5 0 . 0 0 0 0 5 . 5 5

7 5 0 H 1 5 . 4 9 5 . 4 7 5 . 4 9 5 . 4 8 5 . 4 7 5 . 4 8 0 . 0 0 8 9 5 . 4 8

8 0 0 H 1 5 . 4 5 5 . 4 4 5 . 4 4 5 . 4 3 5 . 4 3 5 . 4 3 0 . 0 0 8 2 5 . 4 4

8 5 0 H 1 5 . 3 9 5 . 3 6 5 . 3 7 5 . 3 7 5 . 3 7 5 . 3 7 0 . 0 0 9 8 5 . 3 7

9 0 0 H 1 5 . 3 1 5 . 3 1 5 . 3 2 5 . 3 3 5 . 3 2 5 . 3 3 0 . 0 0 8 9 5 . 3 2

9 5 0 H 1 5 . 3 1 5 . 2 9 5 . 2 8 5 . 2 8 5 . 3 0 5 . 2 9 0 . 0 1 1 7 5 . 2 9

1 0 0 0 H 1 5 . 2 6 5 . 2 6 5 . 2 6 5 . 2 6 5 . 2 6 5 . 2 6 0 . 0 0 0 0 5 . 2 6

A p p e n d i x H c o n t i n u e d .

4 3 6

 



 

 

 

           

T o o t h H 2 , W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 H 2 1 1 . 1 3 1 1 . 1 2 1 1 . 0 9 1 1 . 0 4 1 1 . 0 0 1 1 . 0 2 0 . 0 5 4 3 1 1 . 0 7

5 0 H 2 1 0 . 2 8 1 0 . 2 5 1 0 . 2 5 1 0 . 2 3 1 0 . 2 5 1 0 . 2 5 0 . 0 1 6 0 1 0 . 2 5

1 0 0 H 2 9 . 8 4 9 . 8 2 9 . 8 2 9 . 8 1 9 . 8 1 9 . 8 3 0 . 0 1 1 7 9 . 8 2

1 5 0 H 2 9 . 5 7 9 . 5 9 9 . 5 7 9 . 5 6 9 . 5 7 9 . 5 7 0 . 0 0 9 8 9 . 5 7

2 0 0 H 2 9 . 4 4 9 . 4 4 9 . 4 3 9 . 4 4 9 . 4 3 9 . 4 4 0 . 0 0 5 2 9 . 4 4

2 5 0 H 2 9 . 2 6 9 . 2 6 9 . 2 5 9 . 2 4 9 . 2 4 9 . 2 6 0 . 0 0 9 8 9 . 2 5

3 0 0 H 2 9 . 2 1 9 . 1 9 9 . 2 0 9 . 1 8 9 . 1 6 9 . 1 8 0 . 0 1 7 5 9 . 1 9

3 5 0 H 2 8 . 9 8 8 . 9 9 8 . 9 8 8 . 9 7 8 . 9 7 8 . 9 7 0 . 0 0 8 2 8 . 9 8

4 0 0 H 2 8 . 8 6 8 . 8 6 8 . 8 5 8 . 8 6 8 . 8 4 8 . 8 5 0 . 0 0 8 2 8 . 8 5

4 5 0 H 2 8 . 6 8 8 . 6 9 8 . 6 0 8 . 6 7 8 . 6 4 8 . 6 4 0 . 0 3 3 3 8 . 6 5

5 0 0 H 2 8 . 5 0 8 . 5 0 8 . 4 9 8 . 4 8 8 . 4 7 8 . 4 7 0 . 0 1 3 8 8 . 4 9

5 5 0 H 2 8 . 3 4 8 . 3 4 8 . 3 4 8 . 3 4 8 . 3 4 8 . 3 4 0 . 0 0 0 0 8 . 3 4

6 0 0 H 2 8 . 2 7 8 . 2 7 8 . 2 5 8 . 2 6 8 . 2 6 8 . 2 7 0 . 0 0 8 2 8 . 2 6

6 5 0 H 2 8 . 1 6 8 . 1 8 8 . 1 5 8 . 1 5 8 . 1 7 8 . 1 5 0 . 0 1 2 6 8 . 1 6

7 0 0 H 2 8 . 1 4 8 . 1 3 8 . 1 2 8 . 1 3 8 . 1 2 8 . 1 2 0 . 0 0 8 2 8 . 1 3

7 5 0 H 2 8 . 0 2 8 . 0 2 8 . 0 1 8 . 0 3 8 . 0 0 8 . 0 2 0 . 0 1 0 3 8 . 0 2

8 0 0 H 2 7 . 9 0 7 . 9 2 7 . 9 2 7 . 9 2 7 . 9 3 7 . 9 1 0 . 0 1 0 3 7 . 9 2

8 5 0 H 2 7 . 8 3 7 . 8 0 7 . 8 1 7 . 8 0 7 . 8 1 7 . 8 3 0 . 0 1 3 7 7 . 8 1

9 0 0 H 2 7 . 7 9 7 . 7 8 7 . 8 0 7 . 7 8 7 . 7 9 7 . 7 7 0 . 0 1 0 5 7 . 7 9

9 5 0 H 2 7 . 7 5 7 . 7 2 7 . 7 3 7 . 7 3 7 . 7 4 7 . 7 3 0 . 0 1 0 3 7 . 7 3

I O O d H Z 7 . 7 2 7 . 7 2 7 . 7 3 7 . 7 2 7 . 7 3 7 . 7 1 0 . 0 0 7 5 7 . 7 2

A p p e n d i x H c o n t i n u e d .

4 3 7

 



 

T o o t h H 3 , W i d t h i n m m
 

 

           

4 3 8

1 2 3 4 5 6 S T D E V A v e r a g e

0 H 3 1 3 . 7 1 1 3 . 7 2 1 3 . 6 8 1 3 . 6 8 1 3 . 6 9 1 3 . 6 5 0 . 0 2 4 8 1 3 3

5 0 H 3 1 2 . 0 2 1 2 . 0 2 1 2 . 0 1 1 2 . 0 3 1 2 . 0 2 1 2 . 0 2 0 . 0 0 6 3 1 2 . 0 2

1 0 0 H 3 1 1 . 4 0 1 1 . 3 8 1 1 . 3 7 1 1 . 3 6 1 1 . 3 7 1 1 . 3 8 0 . 0 1 3 7 1 1 . 3 8

1 5 0 H 3 1 0 . 8 6 1 0 . 8 4 1 0 . 8 6 1 0 . 8 4 1 0 . 8 5 1 0 . 8 4 0 . 0 0 9 8 1 0 . 8 5

2 0 0 H 3 1 0 . 5 9 1 0 . 6 0 1 0 . 5 8 1 0 . 5 9 1 0 . 5 9 1 0 . 6 0 0 . 0 0 7 5 1 0 . 5 9

2 5 0 H 3 1 0 . 4 1 1 0 . 3 8 1 0 . 3 8 1 0 . 3 7 1 0 . 3 5 1 0 . 3 5 0 . 0 2 2 5 1 0 . 3 7

3 0 0 H 3 1 0 . 4 1 1 0 . 3 8 1 0 . 3 8 1 0 . 3 7 1 0 . 3 5 1 0 . 3 5 0 . 0 2 2 5 1 0 . 3 7

3 5 0 H 3 1 0 . 0 0 1 0 . 0 1 1 0 . 0 2 1 0 . 0 3 9 . 9 8 9 . 9 8 0 . 0 2 0 7 1 0 . 0 0

4 0 0 H 3 9 . 8 9 9 . 8 9 9 . 9 2 9 . 9 3 9 . 9 2 9 . 9 2 0 . 0 1 7 2 9 . 9 1

4 5 0 H 3 9 . 5 3 9 . 5 6 9 . 5 4 9 . 5 8 9 . 5 4 9 . 5 4 0 . 0 1 8 3 9 . 5 5

5 0 0 H 3 9 . 3 6 9 . 4 0 9 . 3 8 9 . 3 7 9 . 3 9 9 . 3 8 0 . 0 1 4 1 9 . 3 8

5 5 0 H 3 9 . 2 6 9 . 2 6 9 . 2 4 9 . 2 4 9 . 2 7 9 . 2 6 0 . 0 1 2 2 9 . 2 6

6 0 0 H 3 9 . 1 4 9 . 1 5 9 . 1 4 8 . 1 5 9 . 1 4 9 . 1 5 0 . 4 0 5 8 8 . 9 8

6 5 0 H 3 8 . 9 2 8 . 8 9 8 . 8 7 8 . 8 8 8 . 9 1 8 . 9 1 0 . 0 1 9 7 8 . 9 0

7 0 0 H 3 8 . 7 9 8 . 7 9 8 . 8 0 8 . 8 1 8 . 8 0 8 . 8 0 0 . 0 0 7 5 8 . 8 0

7 5 0 H 3 8 . 7 3 8 . 7 1 8 . 6 9 8 . 7 2 8 . 6 9 8 . 6 8 0 . 0 1 9 7 8 . 7 0

8 0 0 H 3 8 . 5 9 8 . 6 1 8 . 6 0 8 . 6 1 8 . 6 3 8 . 5 9 0 . 0 1 5 2 8 . 6 1

8 5 0 H 3 8 . 4 3 8 . 4 2 8 . 4 0 8 . 4 1 8 . 4 0 8 . 4 1 0 . 0 1 1 7 8 . 4 1

9 0 0 H 3 8 . 3 4 8 . 3 1 8 . 3 5 8 . 3 5 8 . 3 5 8 . 3 4 0 . 0 1 5 5 8 . 3 4

9 5 0 H 3 8 . 3 3 8 . 3 1 8 . 3 2 8 . 3 3 8 . 3 1 8 . 3 5 0 . 0 1 5 2 8 . 3 3

1 0 0 0 H 3 8 . 3 4 8 . 2 9 8 . 3 2 8 . 3 3 8 . 3 0 8 . 2 9 0 . 0 2 1 4 8 . 3 1

A p p e n d i x H c o n t i n u e d .

 



 

 

 

          

T o o t h A 4 , W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 A 4 1 4 . 8 6 1 4 . 9 7 1 4 . 9 7 1 4 . 9 7 1 4 . 9 6 1 4 . 9 5 0 . 0 4 3 2 1 4 . 9 5

5 0 A 4 1 4 . 8 8 1 4 . 9 2 1 4 . 9 6 1 4 . 9 6 1 4 . 9 1 1 4 . 9 0 0 . 0 3 2 5 1 4 . 9 2

1 0 0 A 4 1 4 . 8 8 1 4 . 9 2 1 4 . 9 6 1 4 . 9 6 1 4 . 9 1 1 4 . 9 0 0 . 0 3 2 5 1 4 . 9 2

1 5 0 A 4 1 4 . 8 8 1 4 . 9 2 1 4 . 9 6 1 4 . 9 6 1 4 . 9 1 1 4 . 9 0 0 . 0 3 2 5 1 4 . 9 2

2 0 0 A 4 1 4 . 7 9 1 4 . 8 0 1 4 . 8 1 1 4 . 7 8 1 4 . 7 9 1 4 . 8 0 0 . 0 1 0 5 1 4 . 8 0

2 5 0 A 4 1 4 . 7 4 1 4 . 7 4 1 4 . 7 5 1 4 . 7 6 1 4 . 7 5 1 4 . 7 5 0 . 0 0 7 5 1 4 . 7 5

3 0 0 A 4 1 4 . 8 2 1 4 . 8 3 1 4 . 8 3 1 4 . 8 1 1 4 . 8 3 1 4 . 8 3 0 . 0 0 8 4 1 4 . 8 3

3 5 0 A 4 1 4 . 8 2 1 4 . 8 3 1 4 . 8 3 1 4 . 8 1 1 4 . 8 3 1 4 . 8 3 0 . 0 0 8 4 1 4 . 8 3

4 0 0 A 4 1 4 . 8 2 1 4 . 8 3 1 4 . 8 3 1 4 . 8 1 1 4 . 8 3 1 4 . 8 3 0 . 0 0 8 4 1 4 . 8 3

4 5 0 A 4 1 4 8 0 1 4 . 8 0 1 4 . 7 8 1 4 . 8 0 1 4 . 8 1 1 4 . 8 2 0 . 0 1 3 3 1 4 . 8 0

5 0 0 A 4 1 4 . 7 7 1 4 . 7 7 1 4 . 7 7 1 4 . 7 8 1 4 . 7 8 1 4 . 7 8 0 . 0 0 5 5 1 4 . 7 8

5 5 0 A 4 1 4 . 7 0 1 4 . 7 0 1 4 . 7 0 1 4 . 7 0 1 4 . 7 0 1 4 . 6 9 0 . 0 0 4 1 1 4 . 7 0

6 0 0 A 4 1 4 . 7 0 1 4 . 7 0 1 4 . 7 0 1 4 . 7 0 1 4 . 7 0 1 4 . 6 9 0 . 0 0 4 1 1 4 . 7 0

6 5 0 A 4 1 4 . 7 0 1 4 . 7 0 1 4 . 7 0 1 4 . 7 0 1 4 . 7 0 1 4 . 6 9 0 . 0 0 4 1 1 4 . 7 0

7 0 0 A 4 1 4 . 7 0 1 4 . 6 9 1 4 . 6 9 1 4 . 6 9 1 4 . 6 8 1 4 . 6 7 0 . 0 1 0 3 1 4 . 6 9

7 5 0 A 4 1 4 . 7 0 1 4 . 6 9 1 4 . 6 9 1 4 . 6 9 1 4 . 6 8 1 4 . 6 7 0 . 0 1 0 3 1 4 . 6 9

8 0 0 A 4 1 4 . 7 0 1 4 . 6 9 1 4 . 6 9 1 4 . 6 9 1 4 . 6 8 1 4 . 6 7 0 . 0 1 0 3 1 4 . 6 9

8 5 0 A 4 1 4 . 7 0 1 4 . 6 9 1 4 . 6 9 1 4 . 6 9 1 4 . 6 8 1 4 . 6 7 0 . 0 1 0 3 1 4 . 6 9

9 0 0 A 4 1 4 . 7 0 1 4 . 6 9 1 4 . 6 9 1 4 . 6 9 1 4 . 6 8 1 4 . 6 7 0 . 0 1 0 3 1 4 . 6 9

9 5 0 A 4 1 4 . 7 0 1 4 . 6 9 1 4 . 6 9 1 4 . 6 9 1 4 . 6 8 1 4 . 6 7 0 . 0 1 0 3 1 4 . 6 9

1 0 0 0 A 4 1 4 . 7 0 1 4 . 6 9 1 4 . 6 9 1 4 . 6 9 1 4 . 6 8 1 4 . 6 7 0 . 0 1 0 3 1 4 . 6 9
 

A p p e n d i x H c o n t i n u e d .

4 3 9

 



 

 

 

          

T o o t h B 4 , W i d t h i n m m

| 1 2 3 4 5 6 S T D E V A v e r a g e
0 B 4 1 1 . 2 3 1 1 . 1 6 1 1 . 1 9 1 1 . 1 7 1 1 . 2 2 1 1 . 1 8 0 . 0 2 7 9 1 1 . 1 9

5 0 B 4 1 1 . 1 7 1 1 . 1 6 1 1 . 1 4 1 1 . 1 4 1 1 . 1 2 1 1 . 1 5 0 . 0 1 7 5 1 1 . 1 5

1 0 0 B 4 1 1 . 1 7 1 1 . 1 6 1 1 . 1 4 1 1 . 1 4 1 1 . 1 2 1 1 . 1 5 0 . 0 1 7 5 1 1 . 1 5

1 5 0 B 4 1 1 . 1 0 1 1 . 0 9 1 1 . 0 9 1 1 . 0 7 1 1 . 0 8 1 1 . 0 8 0 . 0 1 0 5 1 1 . 0 9

2 0 0 B 4 1 1 . 0 0 1 1 . 0 0 1 0 . 9 8 1 0 . 9 9 1 1 . 0 0 1 0 . 9 8 0 . 0 0 9 8 1 0 . 9 9

2 5 0 B 4 1 0 . 9 5 1 0 . 9 5 1 0 . 9 3 1 0 . 9 4 1 0 . 9 3 1 0 . 9 3 0 . 0 0 9 8 1 0 . 9 4

3 0 0 B 4 1 0 . 9 5 1 0 . 9 5 1 0 . 9 3 1 0 . 9 4 1 0 . 9 3 1 0 . 9 3 0 . 0 0 9 8 1 0 . 9 4

3 5 0 B 4 1 0 . 9 5 1 0 . 9 5 1 0 . 9 3 1 0 . 9 4 1 0 . 9 3 1 0 . 9 3 0 . 0 0 9 8 1 0 . 9 4

4 0 0 B 4 1 0 . 9 5 1 0 . 9 5 1 0 . 9 3 1 0 . 9 4 1 0 . 9 3 1 0 . 9 3 0 . 0 0 9 8 1 0 . 9 4

4 5 0 B 4 1 0 . 9 5 1 0 . 9 5 1 0 . 9 3 1 0 . 9 4 1 0 . 9 3 1 0 . 9 3 0 . 0 0 9 8 1 0 . 9 4

5 0 0 B 4 1 0 . 9 5 1 0 . 9 5 1 0 . 9 3 1 0 . 9 4 1 0 . 9 3 1 0 . 9 3 0 . 0 0 9 8 1 0 . 9 4

5 5 0 B 4 1 0 . 8 5 1 0 . 8 6 1 0 . 8 7 1 0 . 8 4 1 0 . 8 6 1 0 . 8 4 0 . 0 1 2 1 1 0 . 8 5

6 0 0 B 4 1 0 . 8 5 1 0 . 8 6 1 0 . 8 7 1 0 . 8 4 1 0 . 8 6 1 0 . 8 4 0 . 0 1 2 1 1 0 . 8 5

6 5 0 B 4 1 0 . 8 5 1 0 . 8 6 1 0 . 8 7 1 0 . 8 4 1 0 . 8 6 1 0 . 8 4 0 . 0 1 2 1 1 0 . 8 5

7 0 0 B 4 1 0 . 8 2 1 0 . 8 2 1 0 . 8 4 1 0 . 8 2 1 0 . 8 0 1 0 . 8 1 0 . 0 1 3 3 1 0 . 8 2

7 5 0 B 4 1 0 . 8 2 1 0 . 8 2 1 0 . 8 4 1 0 . 8 2 1 0 . 8 0 1 0 . 8 1 0 . 0 1 3 3 1 0 . 8 2

8 0 0 B 4 1 0 . 8 2 1 0 . 8 2 1 0 . 8 4 1 0 . 8 2 1 0 . 8 0 1 0 . 8 1 0 . 0 1 3 3 1 0 . 8 2

8 5 0 B 4 1 0 . 8 2 1 0 . 8 2 1 0 . 8 4 1 0 . 8 2 1 0 . 8 0 1 0 . 8 1 0 . 0 1 3 3 1 0 . 8 2

9 0 0 B 4 1 0 . 8 2 1 0 . 8 2 1 0 . 8 4 1 0 . 8 2 1 0 . 8 0 1 0 . 8 1 0 . 0 1 3 3 1 0 . 8 2

9 5 0 B 4 1 0 . 8 2 1 0 . 8 2 1 0 . 8 4 1 0 . 8 2 1 0 . 8 0 1 0 . 8 1 0 . 0 1 3 3 1 0 . 8 2

1 0 0 0 B 4 1 0 . 7 6 1 0 . 7 4 1 0 . 7 5 1 0 . 7 5 1 0 . 7 2 1 0 . 7 4 0 . 0 1 3 7 1 0 . 7 4

A p p e n d i x H c o n t i n u e d .

4 4 0

 



 

 

 

           

T o o t h C 4 , W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 C 4 1 3 . 7 3 1 3 . 6 5 1 3 . 7 2 1 3 . 6 4 1 3 . 6 0 1 3 . 6 1 0 . 0 5 4 9 1 3 . 6 6

5 0 C 4 1 3 . 6 6 1 3 . 6 7 1 3 . 6 7 1 3 . 6 7 1 3 . 6 5 1 3 . 6 7 0 . 0 0 8 4 1 3 . 6 7

1 0 0 C 4 1 3 . 6 6 1 3 . 6 7 1 3 . 6 7 1 3 . 6 7 1 3 . 6 5 1 3 . 6 7 0 . 0 0 8 4 1 3 . 6 7

1 5 0 C 4 1 3 . 6 1 1 3 . 6 1 1 3 . 6 2 1 3 . 6 4 1 3 . 6 1 1 3 . 6 0 0 . 0 1 3 8 1 3 . 6 2

2 0 0 C 4 1 3 . 5 3 1 3 . 5 5 1 3 . 5 4 1 3 . 5 6 1 3 . 5 5 1 3 . 5 5 0 . 0 1 0 3 1 3 . 5 5

2 5 0 C 4 1 3 . 5 0 1 3 . 5 1 1 3 . 5 2 1 3 . 5 0 1 3 . 5 1 1 3 . 5 2 0 . 0 0 8 9 1 3 . 5 1

3 0 0 C 4 1 3 . 5 0 1 3 . 5 1 1 3 . 5 2 1 3 . 5 0 1 3 . 5 1 1 3 . 5 2 0 . 0 0 8 9 1 3 . 5 1

3 5 0 C 4 1 3 . 5 0 1 3 . 5 1 1 3 . 5 2 1 3 . 5 0 1 3 . 5 1 1 3 . 5 2 0 . 0 0 8 9 1 3 . 5 1

4 0 0 C 4 1 3 . 5 0 1 3 . 5 1 1 3 . 5 2 1 3 . 5 0 1 3 . 5 1 1 3 . 5 2 0 . 0 0 8 9 1 3 . 5 1

4 5 0 C 4 1 3 . 5 0 1 3 . 5 1 1 3 . 5 2 1 3 . 5 0 1 3 . 5 1 1 3 . 5 2 0 . 0 0 8 9 1 3 . 5 1

5 0 0 C 4 1 3 . 5 0 1 3 . 5 1 1 3 . 5 2 1 3 . 5 0 1 3 . 5 1 1 3 . 5 2 0 . 0 0 8 9 1 3 . 5 1

5 5 0 C 4 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 0 . 0 0 5 5 1 3 . 5 1

6 0 0 C 4 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 0 . 0 0 5 5 1 3 . 5 1

6 5 0 C 4 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 0 . 0 0 5 5 1 3 . 5 1

7 0 0 C 4 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 0 . 0 0 5 5 1 3 . 5 1

7 5 0 C 4 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 0 . 0 0 5 5 1 3 . 5 1

8 0 0 C 4 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 0 . 0 0 5 5 1 3 . 5 1

8 5 0 C 4 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 0 . 0 0 5 5 1 3 . 5 1

9 0 0 C 4 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 0 . 0 0 5 5 1 3 . 5 1

9 5 0 C 4 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 0 . 0 0 5 5 1 3 . 5 1

1 0 0 0 C 4 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 1 3 . 5 1 1 3 . 5 0 0 . 0 0 5 5 1 3 . 5 1

A p p e n d i x H c o n t i n u e d .

4 4 1

 



 

 

 

          
 

T o o t h D 4 , W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 D 4 1 2 . 4 1 1 2 . 4 3 1 2 . 4 5 1 2 . 4 6 1 2 . 4 3 1 2 . 4 3 0 . 0 1 7 6 1 2 . 4 4

5 0 D 4 1 2 . 5 0 1 2 . 5 0 1 2 . 4 7 1 2 . 5 0 1 2 . 4 9 1 2 . 5 0 0 . 0 1 2 1 1 2 . 4 9

1 0 0 D 4 1 2 . 5 0 1 2 . 5 0 1 2 . 4 7 1 2 . 5 0 1 2 . 4 9 1 2 . 5 0 0 . 0 1 2 1 1 2 . 4 9

1 5 0 D 4 1 2 . 4 5 1 2 . 4 2 1 2 . 4 4 1 2 . 4 2 1 2 . 4 7 1 2 . 4 7 0 . 0 2 2 6 1 2 . 4 5

2 0 0 D 4 1 2 . 3 9 1 2 . 3 9 1 2 . 3 8 1 2 . 3 9 1 2 . 3 9 1 2 . 3 9 0 . 0 0 4 1 1 2 . 3 9

2 5 0 D 4 1 2 . 3 5 1 2 . 3 5 1 2 . 3 5 1 2 . 3 7 1 2 . 3 3 1 2 . 3 5 0 . 0 1 2 6 1 2 . 3 5

3 0 0 D 4 1 2 . 3 5 1 2 . 3 5 1 2 . 3 5 1 2 . 3 7 1 2 . 3 3 1 2 . 3 5 0 . 0 1 2 6 1 2 . 3 5

3 5 0 D 4 1 2 . 3 5 1 2 . 3 5 1 2 . 3 5 1 2 . 3 7 1 2 . 3 3 1 2 . 3 5 0 . 0 1 2 6 1 2 . 3 5

4 0 0 D 4 1 2 . 3 5 1 2 . 3 5 1 2 . 3 5 1 2 . 3 7 1 2 . 3 3 1 2 . 3 5 0 . 0 1 2 6 1 2 . 3 5

4 5 0 D 4 1 2 . 3 5 1 2 . 3 5 1 2 . 3 5 1 2 . 3 7 1 2 . 3 3 1 2 . 3 5 0 . 0 1 2 6 1 2 . 3 5

5 0 0 D 4 1 2 . 3 5 1 2 . 3 5 1 2 . 3 5 1 2 . 3 7 1 2 . 3 3 1 2 . 3 5 0 . 0 1 2 6 1 2 . 3 5

5 5 0 D 4 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 5 0 . 0 0 5 2 1 2 . 3 5

6 0 0 D 4 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 5 0 . 0 0 5 2 1 2 . 3 5

6 5 0 D 4 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 5 0 . 0 0 5 2 1 2 . 3 5

7 0 0 D 4 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 5 0 . 0 0 5 2 1 2 . 3 5

7 5 0 D 4 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 5 0 . 0 0 5 2 1 2 . 3 5

8 0 0 D 4 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 5 0 . 0 0 5 2 1 2 . 3 5

8 5 0 D 4 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 5 0 . 0 0 5 2 1 2 . 3 5

9 0 0 D 4 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 5 0 . 0 0 5 2 1 2 . 3 5

9 5 0 D 4 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 5 0 . 0 0 5 2 1 2 . 3 5

1 0 0 0 D 4 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 6 1 2 . 3 5 1 2 . 3 5 0 . 0 0 5 2 1 2 . 3 5

A p p e n d i x H c o n t i n u e d .

4 4 2

 



 

 

 

 

          

T o o t h E 4 L W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 E 4 1 2 . 6 5 1 2 . 5 9 1 2 . 5 3 1 2 . 4 7 1 2 . 3 9 1 2 . 5 1 0 . 0 9 0 9 1 2 . 5 2

5 0 E 4 1 2 . 4 9 1 2 . 5 2 1 2 . 5 0 1 2 . 5 2 1 2 . 5 0 1 2 . 5 2 0 . 0 1 3 3 1 2 . 5 1

1 0 0 E 4 1 2 . 4 9 1 2 . 5 2 1 2 . 5 0 1 2 . 5 2 1 2 . 5 0 1 2 . 5 2 0 . 0 1 3 3 1 2 . 5 1

1 5 0 E 4 1 2 . 5 0 1 2 . 4 9 1 2 . 4 9 1 2 . 4 7 1 2 . 5 1 1 2 . 5 0 0 . 0 1 3 7 1 2 . 4 9

2 0 0 E 4 1 2 . 4 4 1 2 . 4 3 1 2 . 4 4 1 2 . 4 3 1 2 . 4 2 1 2 . 4 1 0 . 0 1 1 7 1 2 . 4 3

2 5 0 E 4 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

3 0 0 E 4 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

3 5 0 E 4 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

4 0 0 E 4 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

4 5 0 E 4 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

5 0 0 E 4 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

5 5 0 E 4 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

6 0 0 E 4 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

6 5 0 E 4 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

7 0 0 E 5 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

7 5 0 E 4 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

8 0 0 E 4 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

8 5 0 E 4 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

9 0 0 E 4 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

9 5 0 E 4 1 2 . 4 1 1 2 . 4 0 1 2 . 3 9 1 2 . 3 8 1 2 . 3 8 1 2 . 3 8 0 . 0 1 2 6 1 2 . 3 9

1 0 0 0 E 4 1 2 . 3 8 1 2 . 3 7 1 2 . 3 9 1 2 . 3 6 1 2 . 3 9 1 2 . 3 7 0 . 0 1 2 1 1 2 . 3 8

A p p e n d i x H c o n t i n u e d .

4 4 3

 



 

T o o t h F 4 , W i d t h i n m m
 

 

           

l 2 3 4 5 6 S T D E V A v e r a g e

0 F 4 1 0 . 6 0 1 0 . 6 0 1 0 . 5 7 1 0 . 5 7 1 0 . 6 2 1 0 . 6 1 0 . 0 2 0 7 1 0 . 6 0

5 0 F 4 1 0 . 5 5 1 0 . 5 6 1 0 . 5 7 1 0 . 5 5 1 0 . 5 6 1 0 . 5 7 0 . 0 0 8 9 1 0 . 5 6

1 0 0 F 4 1 0 . 5 5 1 0 . 5 6 1 0 . 5 7 1 0 . 5 5 1 0 . 5 6 1 0 . 5 7 0 . 0 0 8 9 1 0 . 5 6

1 5 0 F 4 1 0 . 5 5 1 0 . 5 6 1 0 . 5 7 1 0 . 5 5 1 0 . 5 6 1 0 . 5 7 0 . 0 0 8 9 1 0 . 5 6

2 0 0 F 4 1 0 . 4 9 1 0 . 5 0 1 0 . 5 0 1 0 . 4 9 1 0 . 5 0 1 0 . 4 9 0 . 0 0 5 5 1 0 . 5 0

2 5 0 F 4 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

3 0 0 F 4 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

3 5 0 F 4 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

4 0 0 F 4 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

4 5 0 F 4 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

5 0 0 F 4 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

5 5 0 F 4 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

6 0 0 F 4 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

6 5 0 F 4 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

7 0 0 F 4 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

7 5 0 F 5 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

8 0 0 F 6 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

8 5 0 F 7 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

9 0 0 F 8 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

9 5 0 F 9 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

1 0 0 0 F 4 1 0 . 4 4 1 0 . 4 3 1 0 . 4 3 1 0 . 4 3 1 0 . 4 2 1 0 . 4 5 0 . 0 1 0 3 1 0 . 4 3

A p p e n d i x H c o n t i n u e d .

4 4 4

 



 

 

 

 

         

T o o t h G 4 , W i d t h i n m m

. 1 2 3 4 5 6 S T D E V A v e r a g e

0 G 4 1 1 . 1 7 1 1 . 2 0 1 1 . 1 1 1 1 . 1 1 1 1 . 0 5 1 1 . 1 0 0 . 0 5 3 5 1 1 . 1 2

5 0 G 4 1 1 . 0 4 1 1 . 0 4 1 1 . 0 3 1 1 . 0 2 1 1 . 0 0 1 1 . 0 0 0 . 0 1 8 3 1 1 . 0 2

1 0 0 G 4 1 1 . 0 4 1 1 . 0 4 ' 1 1 . 0 3 1 1 . 0 2 1 1 . 0 0 1 1 . 0 0 0 . 0 1 8 3 1 1 . 0 2

1 5 0 G 4 1 0 . 9 9 1 0 . 9 8 1 0 . 9 8 1 0 . 9 7 1 0 . 9 7 1 0 . 9 6 0 . 0 1 0 5 1 0 . 9 8

2 0 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

2 5 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

3 0 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

3 5 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

4 0 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

4 5 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

5 0 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

5 5 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

6 0 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

6 5 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

7 0 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

7 5 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

8 0 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

8 5 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

9 0 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

9 5 0 G 4 1 0 . 8 8 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 8 1 0 . 9 1 0 . 0 1 3 8 1 0 . 8 9

1 0 0 0 G 4 1 0 . 8 7 1 0 . 8 7 1 0 . 8 7 1 0 . 8 8 1 0 . 8 9 1 0 . 8 7 0 . 0 0 8 4 1 0 . 8 8
 

A p p e n d i x H c o n t i n u e d .

4 4 5

 



 

 

 

          

T o o t h H 4 , W i d t h i n m m

1 2 3 4 5 6 S T D E V A v e r a g e

0 H 4 1 4 . 2 5 1 4 . 2 4 1 4 . 2 3 1 4 . 2 0 1 4 . 1 7 1 4 . 1 8 0 . 0 3 3 1 1 4 . 2 1

5 0 H 4 1 4 . 2 4 1 4 . 2 4 1 4 . 2 3 1 4 . 2 2 1 4 . 2 4 1 4 . 2 2 0 . 0 0 9 8 1 4 . 2 3

1 0 0 H 4 1 4 . 2 4 1 4 . 2 4 1 4 . 2 3 1 4 . 2 2 1 4 . 2 4 1 4 . 2 2 0 . 0 0 9 8 1 4 . 2 3

1 5 0 H 4 1 4 . 2 4 1 4 . 2 4 1 4 . 2 3 1 4 . 2 2 1 4 . 2 4 1 4 . 2 2 0 . 0 0 9 8 1 4 . 2 3

2 0 0 H 4 1 4 . 2 0 1 4 . 2 2 1 4 . 2 2 1 4 . 2 0 1 4 . 2 2 1 4 . 2 3 0 . 0 1 2 2 1 4 . 2 2

2 5 0 H 4 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 2 0 0 . 0 0 4 1 1 4 . 1 9

3 0 0 H 4 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 2 0 0 . 0 0 4 1 1 4 . 1 9

3 5 0 H 4 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 2 0 0 . 0 0 4 1 1 4 . 1 9

4 0 0 H 4 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 2 0 0 . 0 0 4 1 1 4 . 1 9

4 5 0 H 4 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 2 0 0 . 0 0 4 1 1 4 . 1 9

5 0 0 H 4 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 1 9 1 4 . 2 0 0 . 0 0 4 1 1 4 . 1 9

5 5 0 H 4 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 0 . 0 0 5 5 1 4 . 1 7

6 0 0 H 4 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 0 . 0 0 5 5 1 4 . 1 7

6 5 0 H 4 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 0 . 0 0 5 5 1 4 . 1 7

7 0 0 H 4 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 0 . 0 0 5 5 1 4 . 1 7

7 5 0 H 4 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 0 . 0 0 5 5 1 4 . 1 7

8 0 0 H 4 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 0 . 0 0 5 5 1 4 . 1 7

8 5 0 H 4 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 0 . 0 0 5 5 1 4 . 1 7

9 0 0 H 4 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 0 . 0 0 5 5 1 4 . 1 7

9 5 0 H 4 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 0 . 0 0 5 5 1 4 . 1 7

1 0 0 0 H 4 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 1 4 . 1 6 1 4 . 1 7 0 . 0 0 5 5 1 4 . 1 7
 

A p p e n d i x H c o n t i n u e d .

4 4 6

 



 

T o o t h A 1 , M a s s i n g
 

 

           

1 2 3 4 5 6 S T D E V A v e r a g e

0 A l 0 . 1 4 4 0 . 1 4 0 0 . 1 4 0 0 . 1 4 3 0 . 1 4 1 0 . 1 4 1 0 . 0 0 1 6 0 . 1 4 2

5 0 A 1 0 . 1 3 9 0 . 1 4 0 0 . 1 3 9 0 . 1 3 9 0 . 1 4 0 0 . 1 4 0 0 . 0 0 0 5 0 . 1 4 0

1 0 0 A 1 0 . 1 3 9 0 . 1 4 0 0 . 1 3 9 0 . 1 3 9 0 . 1 3 8 0 . 1 4 0 0 . 0 0 0 8 0 . 1 3 9

1 5 0 A 1 0 . 1 3 5 0 . 1 3 7 0 . 1 3 8 0 . 1 3 8 0 . 1 3 7 0 . 1 3 9 0 . 0 0 1 4 0 . 1 3 7

2 0 0 A 1 0 . 1 3 5 0 . 1 3 6 0 . 1 3 6 0 . 1 3 5 0 . 1 3 3 0 . 1 3 5 0 . 0 0 1 1 0 . 1 3 5

2 5 0 A l 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

3 0 0 A 1 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

3 5 0 A l 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

4 0 0 A ] 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

4 5 0 A 1 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

5 0 0 A 1 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

5 5 0 A 1 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

6 0 0 A 1 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

6 5 0 A 1 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

7 0 0 A 1 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

7 5 0 A 1 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

8 0 0 A 1 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

8 5 0 A 1 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

9 0 0 A 1 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

9 5 0 A 1 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

1 0 0 0 A 1 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 2 0 . 1 3 5 0 . 1 3 5 0 . 0 0 2 3 0 . 1 3 2

A p p e n d i x H c o n t i n u e d .

4 4 7

 



 

 

 

          

T o o t h A 2 , M a s s i n g

| 1 2 3 4 5 6 S T D E V A v e r a g e
0 A 2 0 . 3 3 0 0 . 3 2 9 0 . 3 3 2 0 . 3 3 0 0 . 3 3 0 0 . 3 3 1 0 . 0 0 1 0 0 . 3 3 0

5 0 A 2 0 . 3 2 0 0 . 3 2 1 0 . 3 2 1 0 . 3 2 2 0 . 3 2 3 0 . 3 2 0 0 . 0 0 1 2 0 . 3 2 1

1 0 0 A 2 0 . 3 1 6 0 . 3 1 6 0 . 3 1 7 0 . 3 1 5 0 . 3 1 4 0 . 3 1 4 0 . 0 0 1 2 0 . 3 1 5

1 5 0 A 2 0 . 3 0 3 0 . 3 0 2 0 . 3 0 3 0 . 3 0 2 0 . 3 0 2 0 . 3 0 2 0 . 0 0 0 5 0 . 3 0 2

2 0 0 A 2 0 . 2 9 3 0 . 2 9 2 0 . 2 9 2 0 . 2 9 3 0 . 2 9 6 0 . 2 9 6 0 . 0 0 1 9 0 . 2 9 4

2 5 0 A 2 0 . 2 8 7 0 . 2 8 6 0 . 2 8 5 0 . 2 8 8 0 . 2 8 9 0 . 2 9 0 0 . 0 0 1 9 0 . 2 8 8

3 0 0 A 2 0 . 2 8 2 0 . 2 8 2 0 . 2 8 4 0 . 2 8 2 0 . 2 8 3 0 . 2 8 3 0 . 0 0 0 8 0 . 2 8 3

3 5 0 A 2 0 . 2 7 6 0 . 2 7 8 0 . 2 7 9 0 . 2 8 1 0 . 2 8 1 0 . 2 7 8 0 . 0 0 1 9 0 . 2 7 9

4 0 0 A 2 0 . 2 6 9 0 . 2 6 9 0 . 2 6 8 0 . 2 6 9 0 . 2 6 9 0 . 2 7 0 0 . 0 0 0 6 0 . 2 6 9

4 5 0 A 2 0 . 2 6 5 0 . 2 6 7 0 . 2 6 6 0 . 2 6 4 0 . 2 6 3 0 . 2 6 3 0 . 0 0 1 6 0 . 2 6 5

5 0 0 A 2 0 . 2 5 8 0 . 2 5 9 0 . 2 5 6 0 . 2 5 8 0 . 2 5 8 0 . 2 5 6 0 . 0 0 1 2 0 . 2 5 8

5 5 0 A 2 0 . 2 5 4 0 . 2 5 4 0 . 2 5 3 0 . 2 5 2 0 . 2 5 4 0 . 2 5 4 0 . 0 0 0 8 0 . 2 5 4

6 0 0 A 2 0 . 2 4 6 0 . 2 4 7 0 . 2 4 7 0 . 2 4 4 0 . 2 4 5 0 . 2 4 5 0 . 0 0 1 2 0 . 2 4 6

6 5 0 A 2 0 . 2 4 4 0 . 2 4 4 0 . 2 4 4 0 . 2 4 3 0 . 2 4 4 0 . 2 4 3 0 . 0 0 0 5 0 . 2 4 4

7 0 0 A 2 0 . 2 3 8 0 . 2 3 9 0 . 2 3 7 0 . 2 3 6 0 . 2 3 8 0 . 2 3 9 0 . 0 0 1 2 0 . 2 3 8

7 5 0 A 2 0 . 2 3 4 0 . 2 4 0 0 . 2 3 8 0 . 2 3 7 0 . 2 3 7 0 . 2 3 6 0 . 0 0 2 0 0 . 2 3 7

8 0 0 A 2 0 . 2 3 4 0 . 2 3 4 0 . 2 3 4 0 . 2 3 3 0 . 2 3 2 0 . 2 3 1 0 . 0 0 1 3 0 . 2 3 3

8 5 0 A 2 0 . 2 3 0 0 . 2 3 1 0 . 2 3 0 0 . 2 3 0 0 . 2 2 8 0 . 2 3 0 0 . 0 0 1 0 0 . 2 3 0

9 0 0 A 2 0 . 2 2 5 0 . 2 2 4 0 . 2 2 3 0 . 2 2 4 0 . 2 2 5 0 . 2 2 5 0 . 0 0 0 8 0 . 2 2 4

9 5 0 A 2 0 . 2 2 5 0 . 2 2 4 0 . 2 2 3 0 . 2 2 4 0 . 2 2 5 0 . 2 2 5 0 . 0 0 0 8 0 . 2 2 4

1 0 0 0 A 2 0 . 2 2 1 0 . 2 2 2 0 . 2 2 2 0 . 2 2 3 0 . 2 2 2 0 . 2 2 3 0 . 0 0 0 8 0 . 2 2 2

A p p e n d i x H c o n t i n u e d .

4 4 8

 



 

 

 

 

          

T o o t h A 3 , M a s s i n g

l 2 3 4 5 6 S T D E V A v e r a g e

0 A 3 0 . 1 3 4 0 . 1 3 2 0 . 1 2 8 0 . 1 3 4 0 . 1 3 4 0 . 1 2 9 0 . 0 0 2 7 0 . 1 3 2

5 0 A 3 0 . 1 2 1 0 . 1 2 1 0 . 1 2 3 0 . 1 2 3 0 . 1 2 4 0 . 1 2 2 0 . 0 0 1 2 0 . 1 2 2

1 0 0 A 3 0 . 1 1 9 0 . 1 1 9 0 . 1 1 8 0 . 1 2 0 0 . 1 1 8 0 . 1 2 2 0 . 0 0 1 5 0 . 1 1 9

1 5 0 A 3 0 . 1 1 3 0 . 1 1 4 0 . 1 1 3 0 . 1 1 1 0 . 1 1 1 0 . 1 1 3 0 . 0 0 1 2 0 . 1 1 3

2 0 0 A 3 0 . 1 1 3 0 . 1 1 0 0 . 1 0 9 0 . 1 0 9 0 . 1 1 1 0 . 1 0 9 0 . 0 0 1 6 0 . 1 1 0

2 5 0 A 3 0 . 1 0 8 0 . 1 0 7 0 . 1 0 8 0 . 1 0 7 0 . 1 0 7 0 . 1 1 0 0 . 0 0 1 2 0 . 1 0 8

3 0 0 A 3 0 . 1 0 6 0 . 1 0 4 0 . 1 0 5 0 . 1 0 4 0 . 1 0 5 0 . 1 0 7 0 . 0 0 1 2 0 . 1 0 5

3 5 0 A 3 0 . 1 0 4 0 . 1 0 3 0 . 1 0 3 0 . 1 0 2 0 . 1 0 2 0 . 1 0 3 0 . 0 0 0 8 0 . 1 0 3

4 0 0 A 3 0 . 1 0 3 0 . 1 0 1 0 . 1 0 0 0 . 1 0 1 0 . 1 0 0 0 . 1 0 0 0 . 0 0 1 2 0 . 1 0 1

4 5 0 A 3 0 . 1 0 3 0 . 1 0 1 0 . 1 0 0 0 . 1 0 1 0 . 1 0 0 0 . 1 0 0 0 . 0 0 1 2 0 . 1 0 1

5 0 0 A 3 0 . 0 9 8 0 . 0 9 5 0 . 0 9 6 0 . 0 9 9 0 . 0 9 7 0 . 0 9 7 0 . 0 0 1 4 0 . 0 9 7

5 5 0 A 3 0 . 0 9 5 0 . 0 9 4 0 . 0 9 6 0 . 0 9 4 0 . 0 9 4 0 . 0 9 6 0 . 0 0 1 0 0 . 0 9 5

6 0 0 A 3 0 . 0 9 3 0 . 0 9 2 0 . 0 9 0 0 . 0 9 1 0 . 0 9 3 0 . 0 9 4 0 . 0 0 1 5 0 . 0 9 2

6 5 0 A 3 0 . 0 9 3 0 . 0 9 2 0 . 0 9 0 0 . 0 9 1 0 . 0 9 3 0 . 0 9 4 0 . 0 0 1 5 0 . 0 9 2

7 0 0 A 3 0 . 0 9 0 0 . 0 8 8 0 . 0 9 1 0 . 0 9 0 0 . 0 9 1 0 . 0 9 1 0 . 0 0 1 2 0 . 0 9 0

7 5 0 A 3 0 . 0 9 0 0 . 0 8 8 0 . 0 9 1 0 . 0 9 0 0 . 0 9 1 0 . 0 9 1 0 . 0 0 1 2 0 . 0 9 0

8 0 0 A 3 0 . 0 9 2 0 . 0 8 8 0 . 0 8 7 0 . 0 8 8 0 . 0 8 7 0 . 0 8 8 0 . 0 0 1 9 0 . 0 8 8

8 5 0 A 3 0 . 0 8 7 0 . 0 8 7 0 . 0 8 8 0 . 0 9 1 0 . 0 8 7 0 . 0 8 8 0 . 0 0 1 5 0 . 0 8 8

9 0 0 A 3 0 . 0 8 6 0 . 0 8 5 0 . 0 8 6 0 . 0 8 6 0 . 0 8 5 0 . 0 8 7 0 . 0 0 0 8 0 . 0 8 6

9 5 0 A 3 0 . 0 8 6 0 . 0 8 5 0 . 0 8 6 0 . 0 8 6 0 . 0 8 5 0 . 0 8 7 0 . 0 0 0 8 0 . 0 8 6

1 0 0 0 A 3 0 . 0 8 4 0 . 0 8 4 0 . 0 8 4 0 . 0 8 3 0 . 0 8 5 0 . 0 8 4 0 . 0 0 0 6 0 . 0 8 4

A p p e n d i x H c o n t i n u e d .

4 4 9

 



 

 

 

          

T o o t h B 1 , M a s s i n g

l 2 3 4 5 6 S T D E V A v e r a g e

0 B 1 0 . 0 4 5 0 . 0 4 3 0 . 0 4 3 0 . 0 4 3 0 . 0 4 3 0 . 0 4 3 0 . 0 0 0 8 0 . 0 4 3

5 0 B 1 0 . 0 4 3 0 . 0 4 2 0 . 0 4 3 0 . 0 3 9 0 . 0 4 2 0 . 0 4 1 0 . 0 0 1 5 0 . 0 4 2

1 0 0 B 1 0 . 0 4 1 0 . 0 4 2 0 . 0 4 2 0 . 0 4 0 0 . 0 4 2 0 . 0 4 1 0 . 0 0 0 8 0 . 0 4 1

1 5 0 B 1 0 . 0 4 0 0 . 0 4 0 0 . 0 4 1 0 . 0 3 9 0 . 0 3 8 0 . 0 4 0 0 . 0 0 1 0 0 . 0 4 0

2 0 0 B 1 0 . 0 4 1 0 . 0 4 0 0 . 0 4 0 0 . 0 4 1 0 . 0 4 0 0 . 0 3 9 0 . 0 0 0 8 0 . 0 4 0

2 5 0 B 1 0 . 0 4 0 0 . 0 3 9 0 . 0 3 9 0 . 0 3 7 0 . 0 3 9 0 . 0 3 9 0 . 0 0 1 0 0 . 0 3 9

3 0 0 B 1 0 . 0 4 0 0 . 0 3 9 0 . 0 3 9 0 . 0 3 7 0 . 0 3 9 0 . 0 3 9 0 . 0 0 1 0 0 . 0 3 9

3 5 0 B 1 0 . 0 3 9 0 . 0 3 8 0 . 0 3 7 0 . 0 3 7 0 . 0 3 6 0 . 0 3 9 0 . 0 0 1 2 0 . 0 3 8

4 0 0 B 1 0 . 0 3 8 0 . 0 3 8 0 . 0 3 8 0 . 0 3 8 0 . 0 3 8 0 . 0 3 8 0 . 0 0 0 0 0 . 0 3 8

4 5 0 B 1 0 . 0 3 4 0 . 0 3 7 0 . 0 3 5 0 . 0 3 4 0 . 0 3 4 0 . 0 3 3 0 . 0 0 1 4 0 . 0 3 5

5 0 0 B 1 0 . 0 3 4 0 . 0 3 7 0 . 0 3 5 0 . 0 3 4 0 . 0 3 4 0 . 0 3 3 0 . 0 0 1 4 0 . 0 3 5

5 5 0 B 1 0 . 0 3 4 0 . 0 3 7 0 . 0 3 5 0 . 0 3 4 0 . 0 3 4 0 . 0 3 3 0 . 0 0 1 4 0 . 0 3 5

6 0 0 B 1 0 . 0 3 4 0 . 0 3 7 0 . 0 3 5 0 . 0 3 4 0 . 0 3 4 0 . 0 3 3 0 . 0 0 1 4 0 . 0 3 5

6 5 0 B 1 0 . 0 3 4 0 . 0 3 7 0 . 0 3 5 0 . 0 3 4 0 . 0 3 4 0 . 0 3 3 0 . 0 0 1 4 0 . 0 3 5

7 0 0 B 1 0 . 0 3 4 0 . 0 3 7 0 . 0 3 5 0 . 0 3 4 0 . 0 3 4 0 . 0 3 3 0 . 0 0 1 4 0 . 0 3 5

7 5 0 B 1 0 . 0 3 4 0 . 0 3 7 0 . 0 3 5 0 . 0 3 4 0 . 0 3 4 0 . 0 3 3 0 . 0 0 1 4 0 . 0 3 5

8 0 0 B 1 0 . 0 3 4 0 . 0 3 7 0 . 0 3 5 0 . 0 3 4 0 . 0 3 4 0 . 0 3 3 0 . 0 0 1 4 0 . 0 3 5

8 5 0 B 1 0 . 0 3 4 0 . 0 3 7 0 . 0 3 5 0 . 0 3 4 0 . 0 3 4 0 . 0 3 3 0 . 0 0 1 4 0 . 0 3 5

9 0 0 B 1 0 . 0 3 4 0 . 0 3 3 0 . 0 3 4 0 . 0 3 5 0 . 0 3 5 0 . 0 3 5 0 . 0 0 0 8 0 . 0 3 4

9 5 0 B l 0 . 0 3 4 0 . 0 3 3 0 . 0 3 4 0 . 0 3 5 0 . 0 3 5 0 . 0 3 5 0 . 0 0 0 8 0 . 0 3 4

1 0 0 0 B 1 0 . 0 3 3 0 . 0 3 4 0 . 0 3 3 0 . 0 3 4 0 . 0 3 3 0 . 0 3 4 0 . 0 0 0 5 0 . 0 3 4
 

A p p e n d i x H c o n t i n u e d .

4 5 0

 



 

 

 

          

T o o t h B 2 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

' 0 B 2 0 . 1 7 4 0 . 1 7 6 0 . 1 8 0 0 . 1 8 6 0 . 1 7 8 0 . 1 7 5 0 . 0 0 4 4 0 . 1 7 8

5 0 B 2 0 . 1 7 1 0 . 1 7 0 0 . 1 7 2 0 . 1 7 2 0 . 1 6 9 0 . 1 6 9 0 . 0 0 1 4 0 . 1 7 1

1 0 0 B 2 0 . 1 6 6 0 . 1 6 5 0 . 1 6 7 0 . 1 6 4 0 . 1 6 7 0 . 1 6 5 0 . 0 0 1 2 0 . 1 6 6

1 5 0 B 2 0 . 1 6 2 0 . 1 6 0 0 . 1 6 1 0 . 1 6 1 0 . 1 6 3 0 . 1 6 0 0 . 0 0 1 2 0 . 1 6 1

2 0 0 B 2 0 . 1 5 6 0 . 1 5 7 0 . 1 5 7 0 . 1 6 0 0 . 1 5 8 0 . 1 5 7 0 . 0 0 1 4 0 . 1 5 8

2 5 0 B 2 0 . 1 5 4 0 . 1 5 2 0 . 1 5 5 0 . 1 5 4 0 . 1 5 4 0 . 1 5 6 0 . 0 0 1 3 0 . 1 5 4

3 0 0 B Z 0 . 1 5 1 0 . 1 5 2 0 . 1 5 3 0 . 1 5 3 0 . 1 5 4 0 . 1 5 2 0 . 0 0 1 0 0 . 1 5 3

3 5 0 B 2 0 . 1 4 9 0 . 1 4 9 0 . 1 4 9 0 . 1 4 9 0 . 1 4 9 0 . 1 4 9 0 . 0 0 0 0 0 . 1 4 9

4 0 0 B 2 0 . 1 4 7 0 . 1 4 7 0 . 1 4 7 0 . 1 4 9 0 . 1 4 8 0 . 1 4 7 0 . 0 0 0 8 0 . 1 4 8

4 5 0 B 2 0 . 1 4 7 0 . 1 4 7 0 . 1 4 7 0 . 1 4 6 0 . 1 4 7 0 . 1 4 6 0 . 0 0 0 5 0 . 1 4 7

5 0 0 B 2 0 . 1 4 5 0 . 1 4 5 0 . 1 4 4 0 . 1 4 3 0 . 1 4 5 0 . 1 4 3 0 . 0 0 1 0 0 . 1 4 4

5 5 0 B 2 0 . 1 4 3 0 . 1 4 3 0 . 1 4 2 0 . 1 4 1 0 . 1 4 1 0 . 1 4 2 0 . 0 0 0 9 0 . 1 4 2

6 0 0 B 2 0 . 1 4 2 0 . 1 4 2 0 . 1 4 2 0 . 1 4 2 0 . 1 4 2 0 . 1 4 2 0 . 0 0 0 0 0 . 1 4 2

6 5 0 B 2 0 . 1 3 9 0 . 1 3 9 0 . 1 4 0 0 . 1 3 9 0 . 1 4 0 0 . 1 3 9 0 . 0 0 0 5 0 . 1 3 9

7 0 0 B 2 0 . 1 3 6 0 . 1 3 8 0 . 1 3 9 0 . 1 3 7 0 . 1 3 7 0 . 1 3 6 0 . 0 0 1 2 0 . 1 3 7

7 5 0 B 2 0 . 1 3 6 0 . 1 3 8 0 . 1 3 9 0 . 1 3 7 0 . 1 3 7 0 . 1 3 6 0 . 0 0 1 2 0 . 1 3 7

8 0 0 B 2 0 . 1 3 8 0 . 1 3 7 0 . 1 3 5 0 . 1 3 5 0 . 1 3 4 0 . 1 3 5 0 . 0 0 1 5 0 . 1 3 6

8 5 0 B 2 0 . 1 3 8 0 . 1 3 7 0 . 1 3 5 0 . 1 3 5 0 . 1 3 4 0 . 1 3 5 0 . 0 0 1 5 0 . 1 3 6

9 0 0 B 2 0 . 1 3 2 0 . 1 3 3 0 . 1 3 0 0 . 1 3 3 0 . 1 3 2 0 . 1 3 4 0 . 0 0 1 4 0 . 1 3 2

9 5 0 B 2 0 . 1 3 2 0 . 1 3 3 0 . 1 3 0 0 . 1 3 3 0 . 1 3 2 0 . 1 3 4 0 . 0 0 1 4 0 . 1 3 2

1 0 0 0 B 2 0 . 1 3 2 0 . 1 3 1 0 . 1 3 1 0 . 1 3 2 0 . 1 3 1 0 . 1 3 1 0 . 0 0 0 5 0 . 1 3 1
 

A p p e n d i x H c o n t i n u e d .

4 5 1

 



 

 

 

          

T o o t h B 3 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

0 B 3 0 . 0 8 0 0 . 0 7 9 0 . 0 8 5 0 . 0 8 9 0 . 0 8 0 0 . 0 8 3 0 . 0 0 3 8 0 . 0 8 3

5 0 B 3 0 . 0 7 5 0 . 0 7 4 0 . 0 7 5 0 . 0 7 5 ‘ 0 . 0 7 5 0 . 0 7 6 0 . 0 0 0 6 0 . 0 7 5

1 0 0 B 3 0 . 0 7 0 0 . 0 7 1 0 . 0 7 0 0 . 0 7 2 0 . 0 7 2 0 . 0 7 2 0 . 0 0 1 0 0 . 0 7 1

1 5 0 B 3 0 . 0 6 5 0 . 0 6 7 0 . 0 6 4 0 . 0 6 9 0 . 0 6 8 0 . 0 6 7 0 . 0 0 1 9 0 . 0 6 7

2 0 0 B 3 0 . 0 6 6 0 . 0 6 6 0 . 0 6 7 0 . 0 6 5 0 . 0 6 6 0 . 0 6 3 0 . 0 0 1 4 0 . 0 6 6

2 5 0 B 3 0 . 0 6 5 0 . 0 6 4 0 . 0 5 9 0 . 0 5 8 0 . 0 6 6 0 . 0 6 9 0 . 0 0 4 2 0 . 0 6 4

3 0 0 B 3 0 . 0 6 5 0 . 0 6 4 0 . 0 5 9 0 . 0 5 8 0 . 0 6 6 0 . 0 6 9 0 . 0 0 4 2 0 . 0 6 4

3 5 0 B 3 0 . 0 5 9 0 . 0 5 9 0 . 0 6 0 0 . 0 5 9 0 . 0 5 9 0 . 0 5 8 0 . 0 0 0 6 0 . 0 5 9

4 0 0 B 3 0 . 0 5 9 0 . 0 5 7 0 . 0 5 8 0 . 0 5 8 0 . 0 5 6 0 . 0 5 6 0 . 0 0 1 2 0 . 0 5 7

4 5 0 B 3 0 . 0 5 7 0 . 0 5 7 0 . 0 5 7 0 . 0 5 6 0 . 0 5 8 0 . 0 5 6 0 . 0 0 0 8 0 . 0 5 7

5 0 0 B 3 0 . 0 5 6 0 . 0 5 6 0 . 0 5 6 0 . 0 5 6 0 . 0 5 6 0 . 0 5 5 0 . 0 0 0 4 0 . 0 5 6

5 5 0 B 3 0 . 0 5 4 0 . 0 5 5 0 . 0 5 5 0 . 0 5 4 0 . 0 5 3 0 . 0 5 5 0 . 0 0 0 8 0 . 0 5 4

6 0 0 B 3 0 . 0 5 4 0 . 0 5 2 0 . 0 5 0 0 . 0 5 3 0 . 0 5 3 0 . 0 5 2 0 . 0 0 1 4 0 . 0 5 2

6 5 0 B 3 0 . 0 5 4 0 . 0 5 2 0 . 0 5 0 0 . 0 5 3 0 . 0 5 3 0 . 0 5 2 0 . 0 0 1 4 0 . 0 5 2

7 0 0 B 3 0 . 0 5 1 0 . 0 5 0 0 . 0 5 0 0 . 0 5 2 0 . 0 5 3 0 . 0 5 2 0 . 0 0 1 2 0 . 0 5 1

7 5 0 B 3 0 . 0 5 1 0 . 0 5 0 0 . 0 5 0 0 . 0 5 2 0 . 0 5 3 0 . 0 5 2 0 . 0 0 1 2 0 . 0 5 1

8 0 0 B 3 0 . 0 4 8 0 . 0 4 8 0 . 0 4 9 0 . 0 4 6 0 . 0 4 7 0 . 0 4 9 0 . 0 0 1 2 0 . 0 4 8

8 5 0 B 3 0 . 0 4 8 0 . 0 4 8 0 . 0 4 9 0 . 0 4 6 0 . 0 4 7 0 . 0 4 9 0 . 0 0 1 2 0 . 0 4 8

9 0 0 B 3 0 . 0 4 8 0 . 0 4 8 0 . 0 4 9 0 . 0 4 6 0 . 0 4 7 0 . 0 4 9 0 . 0 0 1 2 0 . 0 4 8

9 5 0 B 3 0 . 0 4 8 0 . 0 4 8 0 . 0 4 9 0 . 0 4 6 0 . 0 4 7 0 . 0 4 9 0 . 0 0 1 2 0 . 0 4 8

1 0 0 0 B 3 0 . 0 4 7 0 . 0 4 8 0 . 0 4 8 0 . 0 4 7 0 . 0 4 8 0 . 0 4 7 0 . 0 0 0 5 0 . 0 4 8
 

A p p e n d i x H c o n t i n u e d .

4 5 2

 



 

 

 

         

T o o t h C 1 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

0 C I 0 . 0 8 0 0 . 0 8 1 0 . 0 8 0 0 . 0 8 1 0 . 0 8 0 0 . 0 8 1 0 . 0 0 0 5 0 . 0 8 1

5 0 C I 0 . 0 8 1 0 . 0 7 9 0 . 0 8 0 0 . 0 8 0 0 . 0 7 9 0 . 0 8 1 0 . 0 0 0 9 0 . 0 8 0

1 0 0 C 1 0 . 0 7 7 0 . 0 7 7 0 . 0 7 8 0 . 0 7 7 0 . 0 7 8 0 . 0 7 7 0 . 0 0 0 5 0 . 0 7 7

1 5 0 C I 0 . 0 7 6 0 . 0 7 6 0 . 0 7 6 0 . 0 7 6 0 . 0 7 6 0 . 0 7 6 0 . 0 0 0 0 0 . 0 7 6

2 0 0 C 1 0 . 0 7 5 0 . 0 7 3 0 . 0 7 4 0 . 0 7 4 0 . 0 7 5 0 . 0 7 4 0 . 0 0 0 8 0 . 0 7 4

2 5 0 C ] 0 . 0 7 4 0 . 0 7 2 0 . 0 6 9 0 . 0 6 9 0 . 0 7 2 0 . 0 7 4 0 . 0 0 2 3 0 . 0 7 2

3 0 0 C 1 0 . 0 7 4 0 . 0 7 2 0 . 0 6 9 0 . 0 6 9 0 . 0 7 2 0 . 0 7 4 0 . 0 0 2 3 0 . 0 7 2

3 5 0 C 1 0 . 0 7 0 0 . 0 7 1 0 . 0 7 1 0 . 0 7 1 0 . 0 7 1 0 . 0 7 1 0 . 0 0 0 4 0 . 0 7 1

4 0 0 C 1 0 . 0 7 0 0 . 0 7 1 0 . 0 7 0 0 . 0 7 1 0 . 0 7 1 0 . 0 7 0 0 . 0 0 0 5 0 . 0 7 1

4 5 0 C 1 0 . 0 6 8 0 . 0 6 7 0 . 0 7 0 0 . 0 6 8 0 . 0 6 6 0 . 0 6 6 0 . 0 0 1 5 0 . 0 6 8

5 0 0 C 1 0 . 0 6 8 0 . 0 6 7 0 . 0 7 0 0 . 0 6 8 0 . 0 6 6 0 . 0 6 6 0 . 0 0 1 5 0 . 0 6 8

5 5 0 C I 0 . 0 6 8 0 . 0 6 7 0 . 0 7 0 0 . 0 6 8 0 . 0 6 6 0 . 0 6 6 0 . 0 0 1 5 0 . 0 6 8

6 0 0 C 1 0 . 0 6 6 0 . 0 6 7 0 . 0 6 7 0 . 0 6 6 0 . 0 6 7 0 . 0 6 6 0 . 0 0 0 5 0 . 0 6 7

6 5 0 C I 0 . 0 6 6 0 . 0 6 7 0 . 0 6 7 0 . 0 6 6 0 . 0 6 7 0 . 0 6 6 0 . 0 0 0 5 0 . 0 6 7

7 0 0 C I 0 . 0 6 6 0 . 0 6 6 0 . 0 6 4 0 . 0 6 5 0 . 0 6 6 0 . 0 6 4 0 . 0 0 1 0 0 . 0 6 5

7 5 0 C 1 0 . 0 6 6 0 . 0 6 6 0 . 0 6 4 0 . 0 6 5 0 . 0 6 6 0 . 0 6 4 0 . 0 0 1 0 0 . 0 6 5

8 0 0 C 1 0 . 0 6 3 0 . 0 6 4 0 . 0 6 5 0 . 0 6 6 0 . 0 6 5 0 . 0 6 4 0 . 0 0 1 0 0 . 0 6 5

8 5 0 C 1 0 . 0 6 3 0 . 0 6 4 0 . 0 6 5 0 . 0 6 6 0 . 0 6 5 0 . 0 6 4 0 . 0 0 1 0 0 . 0 6 5

9 0 0 C 1 0 . 0 6 3 0 . 0 6 4 0 . 0 6 5 0 . 0 6 6 0 . 0 6 5 0 . 0 6 4 0 . 0 0 1 0 0 . 0 6 5

9 5 0 C I 0 . 0 6 3 0 . 0 6 4 0 . 0 6 5 0 . 0 6 6 0 . 0 6 5 0 . 0 6 4 0 . 0 0 1 0 0 . 0 6 5

1 0 0 0 C 1 0 . 0 6 2 0 . 0 6 1 0 . 0 6 2 0 . 0 5 9 0 . 0 6 2 0 . 0 6 2 0 . 0 0 1 2 0 . 0 6 1
 

A p p e n d i x H c o n t i n u e d .

4 5 3

 



 

 

 

          

T o o t h C 2 , M a s s i n { L

1 2 3 4 5 6 S T D E V A v e r a g e

0 C 2 0 . 1 3 8 0 . 1 3 9 0 . 1 3 9 0 . 1 4 1 0 . 1 4 0 0 . 1 4 0 0 . 0 0 1 0 0 . 1 4 0

5 0 C 2 0 . 1 3 6 0 . 1 3 2 0 . 1 3 3 0 . 1 3 4 0 . 1 3 2 0 . 1 3 3 0 . 0 0 1 5 0 . 1 3 3

1 0 0 C 2 0 . 1 3 0 0 . 1 2 8 0 . 1 3 0 0 . 1 3 0 0 . 1 3 0 0 . 1 2 9 0 . 0 0 0 8 0 . 1 3 0

1 5 0 C 2 0 . 1 2 5 0 . 1 2 6 0 . 1 2 4 0 . 1 2 5 0 . 1 2 7 0 . 1 2 6 0 . 0 0 1 0 0 . 1 2 6

2 0 0 C 2 0 . 1 2 3 0 . 1 2 2 0 . 1 2 4 0 . 1 2 4 0 . 1 2 3 0 . 1 2 4 0 . 0 0 0 8 0 . 1 2 3

2 5 0 C 2 0 . 1 1 6 0 . 1 1 7 0 . 1 1 8 0 . 1 1 9 0 . 1 1 7 0 . 1 1 9 0 . 0 0 1 2 0 . 1 1 8

3 0 0 C 2 0 . 1 1 6 0 . 1 1 7 0 . 1 1 8 0 . 1 1 9 0 . 1 1 7 0 . 1 1 9 0 . 0 0 1 2 0 . 1 1 8

3 5 0 C 2 0 . 1 1 4 0 . 1 1 4 0 . 1 1 7 0 . 1 1 5 0 . 1 1 4 0 . 1 1 5 0 . 0 0 1 2 0 . 1 1 5

4 0 0 C 2 0 . 1 1 4 0 . 1 1 4 0 . 1 1 7 0 . 1 1 5 0 . 1 1 4 0 . 1 1 5 0 . 0 0 1 2 0 . 1 1 5

4 5 0 C 2 0 . 1 1 2 0 . 1 1 2 0 . 1 1 1 0 . 1 1 2 0 . 1 1 2 0 . 1 1 2 0 . 0 0 0 4 0 . 1 1 2

5 0 0 C 2 0 . 1 1 0 0 . 1 0 8 0 . 1 1 0 0 . 1 1 1 0 . 1 1 0 0 . 1 1 1 0 . 0 0 1 1 0 . 1 1 0

5 5 0 C 2 0 . 1 0 7 0 . 1 1 0 0 . 1 0 9 0 . 1 0 7 0 . 1 0 8 0 . 1 1 0 0 . 0 0 1 4 0 . 1 0 9

6 0 0 C 2 0 . 1 0 7 0 . 1 0 7 0 . 1 0 5 0 . 1 0 7 0 . 1 0 6 0 . 1 0 7 0 . 0 0 0 8 0 . 1 0 7

6 5 0 C 2 0 . 1 0 7 0 . 1 0 7 0 . 1 0 5 0 . 1 0 7 0 . 1 0 6 0 . 1 0 7 0 . 0 0 0 8 0 . 1 0 7

7 0 0 C 2 0 . 1 0 4 0 . 1 0 5 0 . 1 0 4 0 . 1 0 7 0 . 1 0 6 0 . 1 0 4 0 . 0 0 1 3 0 . 1 0 5

7 5 0 C 2 0 . 1 0 4 0 . 1 0 5 0 . 1 0 4 0 . 1 0 7 0 . 1 0 6 0 . 1 0 4 0 . 0 0 1 3 0 . 1 0 5

8 0 0 C 2 0 . 1 0 4 0 . 1 0 3 0 . 1 0 4 0 . 1 0 4 0 . 1 0 3 0 . 1 0 5 0 . 0 0 0 8 0 . 1 0 4

8 5 0 C 2 0 . 1 0 2 0 . 1 0 2 0 . 1 0 1 0 . 1 0 1 0 . 1 0 1 0 . 1 0 2 0 . 0 0 0 5 0 . 1 0 2

9 0 0 C 2 0 . 1 0 0 0 . 1 0 1 0 . 1 0 0 0 . 1 0 0 0 . 1 0 0 0 . 1 0 0 0 . 0 0 0 4 0 . 1 0 0

9 5 0 C 2 0 . 0 9 9 0 . 0 9 8 0 . 0 9 6 0 . 0 9 8 0 . 1 0 0 0 . 1 0 1 0 . 0 0 1 8 0 . 0 9 9

1 0 0 0 C 2 0 . 0 9 9 0 . 0 9 8 0 . 0 9 6 0 . 0 9 8 0 . 1 0 0 0 . 1 0 1 0 . 0 0 1 8 0 . 0 9 9
 

A p p e n d i x H c o n t i n u e d .

4 5 4

 



 

T o o t h C 3 , M a s s i n g
 

 

           

1 2 3 4 5 6 S T D E V A v e r a g e

0 C 3 0 . 1 6 8 0 . 1 7 0 0 . 1 6 9 0 . 1 7 0 0 . 1 6 9 0 . 1 7 0 0 . 0 0 0 8 0 . 1 6 9

5 0 C 3 0 . 1 5 6 0 . 1 5 4 0 . 1 5 6 0 . 1 5 5 0 . 1 5 5 0 . 1 5 7 0 . 0 0 1 0 0 . 1 5 6

1 0 0 C 3 0 . 1 4 7 0 . 1 4 6 0 . 1 5 0 0 . 1 4 8 0 . 1 5 0 0 . 1 4 9 0 . 0 0 1 6 0 . 1 4 8

1 5 0 C 3 0 . 1 4 4 0 . 1 4 6 0 . 1 4 5 0 . 1 4 4 0 . 1 4 4 0 . 1 4 5 0 . 0 0 0 8 0 . 1 4 5

2 0 0 C 3 0 . 1 4 1 0 . 1 4 2 0 . 1 4 3 0 . 1 4 3 0 . 1 4 0 0 . 1 4 2 0 . 0 0 1 2 0 . 1 4 2

2 5 0 C 3 0 . 1 4 1 0 . 1 3 7 0 . 1 3 8 0 . 1 3 4 0 . 1 3 5 0 . 1 4 2 0 . 0 0 3 2 0 . 1 3 8

3 0 0 C 3 0 . 1 4 1 0 . 1 3 7 0 . 1 3 8 0 . 1 3 4 0 . 1 3 5 0 . 1 4 2 0 . 0 0 3 2 0 . 1 3 8

3 5 0 C 3 0 . 1 3 3 0 . 1 3 4 0 . 1 3 4 0 . 1 3 2 0 . 1 3 2 0 . 1 3 1 0 . 0 0 1 2 0 . 1 3 3

4 0 0 C 3 0 . 1 3 1 0 . 1 3 1 0 . 1 2 8 0 . 1 3 2 0 . 1 3 1 0 . 1 3 0 0 . 0 0 1 4 0 . 1 3 1

4 5 0 C 3 0 . 1 3 1 0 . 1 3 1 0 . 1 2 8 0 . 1 3 2 0 . 1 3 1 0 . 1 3 0 0 . 0 0 1 4 0 . 1 3 1

5 0 0 C 3 0 . 1 2 7 0 . 1 2 4 0 . 1 2 6 0 . 1 2 6 0 . 1 2 7 0 . 1 2 7 0 . 0 0 1 2 0 . 1 2 6

5 5 0 C 3 0 . 1 2 4 0 . 1 2 3 0 . 1 2 4 0 . 1 2 4 0 . 1 2 5 0 . 1 2 5 0 . 0 0 0 8 0 . 1 2 4

6 0 0 C 3 0 . 1 2 3 0 . 1 1 9 0 . 1 2 1 0 . 1 2 1 0 . 1 2 1 0 . 1 2 2 0 . 0 0 1 3 0 . 1 2 1

6 5 0 C 3 0 . 1 2 3 0 . 1 1 9 0 . 1 2 1 0 . 1 2 1 0 . 1 2 1 0 . 1 2 2 0 . 0 0 1 3 0 . 1 2 1

7 0 0 C 3 0 . 1 2 2 0 . 1 2 0 0 . 1 2 0 0 . 1 2 0 0 . 1 2 1 0 . 1 2 0 0 . 0 0 0 8 0 . 1 2 1

7 5 0 C 3 0 . 1 2 2 0 . 1 2 0 0 . 1 2 0 0 . 1 2 0 0 . 1 2 1 0 . 1 2 0 0 . 0 0 0 8 0 . 1 2 1

8 0 0 C 3 0 . 1 2 0 0 . 1 1 9 0 . 1 1 7 0 . 1 1 8 0 . 1 1 6 0 . 1 1 7 0 . 0 0 1 5 0 . 1 1 8

8 5 0 C 3 0 . 1 1 7 0 . 1 1 8 0 . 1 1 9 0 . 1 1 8 0 . 1 1 9 0 . 1 1 7 0 . 0 0 0 9 0 . 1 1 8

9 0 0 C 3 0 . 1 1 5 0 . 1 1 5 0 . 1 1 4 0 . 1 1 7 0 . 1 1 8 0 . 1 1 5 0 . 0 0 1 5 0 . 1 1 6

9 5 0 C 3 0 . 1 1 5 0 . 1 1 5 0 . 1 1 4 0 . 1 1 7 0 . 1 1 8 0 . 1 1 5 0 . 0 0 1 5 0 . 1 1 6

1 0 0 0 C 3 0 . 1 1 4 0 . 1 1 3 0 . 1 1 4 0 . 1 1 3 0 . 1 1 4 0 . 1 1 3 0 . 0 0 0 5 0 . 1 1 4

A p p e n d i x H c o n t i n u e d .

4 5 5

 



 

 

 

          

T o o t h D 1 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

0 D 1 0 . 1 0 6 0 . 1 0 6 0 . 1 0 6 0 . 1 0 7 0 . 1 0 5 0 . 1 0 6 0 . 0 0 0 6 0 . 1 0 6

5 0 D 1 0 . 1 0 0 0 . 0 9 9 0 . 0 9 9 0 . 0 9 7 0 . 0 9 8 0 . 0 9 9 0 . 0 0 1 0 0 . 0 9 9

1 0 0 D 1 0 . 0 9 3 0 . 0 9 0 0 . 0 9 2 0 . 0 9 1 0 . 0 9 3 0 . 0 9 2 0 . 0 0 1 2 0 . 0 9 2

1 5 0 D 1 0 . 0 8 9 0 . 0 8 8 0 . 0 9 0 0 . 0 8 8 0 . 0 8 8 0 . 0 8 9 0 . 0 0 0 8 0 . 0 8 9

2 0 0 D 1 0 . 0 8 4 0 . 0 8 3 0 . 0 8 4 0 . 0 8 5 0 . 0 8 4 0 . 0 8 3 0 . 0 0 0 8 0 . 0 8 4

2 5 0 D 1 0 . 0 8 1 0 . 0 8 2 0 . 0 8 3 0 . 0 8 2 0 . 0 8 2 0 . 0 8 4 0 . 0 0 1 0 0 . 0 8 2

3 0 0 D 1 0 . 0 8 1 0 . 0 8 2 0 . 0 8 3 0 . 0 8 2 0 . 0 8 2 0 . 0 8 4 0 . 0 0 1 0 0 . 0 8 2

3 5 0 D 1 0 . 0 8 1 0 . 0 7 9 0 . 0 8 0 0 . 0 7 9 0 . 0 8 0 0 . 0 7 9 0 . 0 0 0 8 0 . 0 8 0

4 0 0 D 1 0 . 0 7 7 0 . 0 7 8 0 . 0 7 7 0 . 0 7 6 0 . 0 7 7 0 . 0 7 7 0 . 0 0 0 6 0 . 0 7 7

4 5 0 D 1 0 . 0 7 7 0 . 0 7 8 0 . 0 7 7 0 . 0 7 6 0 . 0 7 7 0 . 0 7 7 0 . 0 0 0 6 0 . 0 7 7

5 0 0 D 1 0 . 0 7 6 0 . 0 7 5 0 . 0 7 6 0 . 0 7 5 0 . 0 7 4 0 . 0 7 3 0 . 0 0 1 2 0 . 0 7 5

5 5 0 D 1 0 . 0 7 6 0 . 0 7 5 0 . 0 7 6 0 . 0 7 5 0 . 0 7 4 0 . 0 7 3 0 . 0 0 1 2 0 . 0 7 5

6 0 0 D 1 0 . 0 7 2 0 . 0 7 3 0 . 0 7 3 0 . 0 7 2 0 . 0 7 5 0 . 0 7 1 0 . 0 0 1 4 0 . 0 7 3

6 5 0 D 1 0 . 0 7 2 0 . 0 7 3 0 . 0 7 3 0 . 0 7 2 0 . 0 7 5 0 . 0 7 1 0 . 0 0 1 4 0 . 0 7 3

7 0 0 D 1 0 . 0 6 9 0 . 0 7 0 0 . 0 7 1 0 . 0 7 1 0 . 0 7 1 0 . 0 7 1 0 . 0 0 0 8 0 . 0 7 1

7 5 0 D 1 0 . 0 6 9 0 . 0 7 0 0 . 0 7 1 0 . 0 7 1 0 . 0 7 1 0 . 0 7 1 0 . 0 0 0 8 0 . 0 7 1

8 0 0 D 1 0 . 0 6 9 0 . 0 6 8 0 . 0 6 9 0 . 0 7 1 0 . 0 7 1 0 . 0 6 9 0 . 0 0 1 2 0 . 0 7 0

8 5 0 D 1 0 . 0 6 9 0 . 0 6 9 0 . 0 6 7 0 . 0 6 8 0 . 0 7 0 0 . 0 6 9 0 . 0 0 1 0 0 . 0 6 9

9 0 0 D 1 0 . 0 6 6 0 . 0 6 5 0 . 0 6 7 0 . 0 6 5 0 . 0 6 6 0 . 0 6 5 0 . 0 0 0 8 0 . 0 6 6

9 5 0 D 1 0 . 0 6 6 0 . 0 6 5 0 . 0 6 7 0 . 0 6 5 0 . 0 6 6 0 . 0 6 5 0 . 0 0 0 8 0 . 0 6 6

1 0 0 0 D 1 0 . 0 6 4 0 . 0 6 5 0 . 0 6 4 0 . 0 6 5 0 . 0 6 4 0 . 0 6 4 0 . 0 0 0 5 0 . 0 6 4
 

A p p e n d i x H c o n t i n u e d .

4 5 6

 



 

 

 

          

T o o t h D 2 , M a s s i n g

| 1 2 3 4 5 6 S T D E V A v e r a g e
0 D 2 0 . 0 9 5 0 . 0 9 3 0 . 0 9 5 0 . 0 9 6 0 . 0 9 5 0 . 0 9 5 0 . 0 0 1 0 0 . 0 9 5

5 0 D 2 0 . 0 8 4 0 . 0 8 5 0 . 0 8 5 0 . 0 8 4 0 . 0 8 6 0 . 0 8 5 0 . 0 0 0 8 0 . 0 8 5

1 0 0 D 2 0 . 0 7 9 0 . 0 8 0 0 . 0 8 2 0 . 0 8 1 0 . 0 8 0 0 . 0 8 0 0 . 0 0 1 0 0 . 0 8 0

1 5 0 D 2 0 . 0 7 8 0 . 0 7 3 0 . 0 7 7 0 . 0 7 7 0 . 0 7 9 0 . 0 7 2 0 . 0 0 2 8 0 . 0 7 6

2 0 0 D 2 0 . 0 7 5 0 . 0 7 4 0 . 0 7 3 0 . 0 7 3 0 . 0 7 5 0 . 0 7 3 0 . 0 0 1 0 0 . 0 7 4

2 5 0 D 2 0 . 0 7 1 0 . 0 6 9 0 . 0 7 3 0 . 0 7 6 0 . 0 7 6 0 . 0 7 5 0 . 0 0 2 9 0 . 0 7 3

3 0 0 D 2 0 . 0 7 1 0 . 0 6 9 0 . 0 7 3 0 . 0 7 6 0 . 0 7 6 0 . 0 7 5 0 . 0 0 2 9 0 . 0 7 3

3 5 0 D 2 0 . 0 7 0 0 . 0 7 0 0 . 0 7 0 0 . 0 7 0 0 . 0 7 0 0 . 0 7 0 0 . 0 0 0 0 0 . 0 7 0

4 0 0 D 2 0 . 0 7 0 0 . 0 6 8 0 . 0 7 0 0 . 0 6 9 0 . 0 6 8 0 . 0 6 9 0 . 0 0 0 9 0 . 0 6 9

4 5 0 D 2 0 . 0 7 0 0 . 0 6 8 0 . 0 7 0 0 . 0 6 9 0 . 0 6 8 0 . 0 6 9 0 . 0 0 0 9 0 . 0 6 9

5 0 0 D 2 0 . 0 6 5 0 . 0 6 7 0 . 0 6 6 0 . 0 6 7 0 . 0 6 3 0 . 0 6 4 0 . 0 0 1 6 0 . 0 6 5

5 5 0 D 2 0 . 0 6 5 0 . 0 6 4 0 . 0 6 6 0 . 0 6 5 0 . 0 6 4 0 . 0 6 3 0 . 0 0 1 0 0 . 0 6 5

6 0 0 D 2 0 . 0 6 4 0 . 0 6 4 0 . 0 6 2 0 . 0 6 3 0 . 0 6 5 0 . 0 6 4 0 . 0 0 1 0 0 . 0 6 4

6 5 0 D 2 0 . 0 6 4 0 . 0 6 4 0 . 0 6 2 0 . 0 6 3 0 . 0 6 5 0 . 0 6 4 0 . 0 0 1 0 0 . 0 6 4

7 0 0 D 2 0 . 0 6 1 0 . 0 6 1 0 . 0 6 2 0 . 0 6 1 0 . 0 6 1 0 . 0 6 3 0 . 0 0 0 8 0 . 0 6 2

7 5 0 D 2 0 . 0 6 1 0 . 0 6 1 0 . 0 6 2 0 . 0 6 1 0 . 0 6 1 0 . 0 6 3 0 . 0 0 0 8 0 . 0 6 2

8 0 0 D 2 0 . 0 6 0 0 . 0 5 8 0 . 0 5 9 0 . 0 6 2 0 . 0 6 2 0 . 0 6 1 0 . 0 0 1 6 0 . 0 6 0

8 5 0 D 2 0 . 0 6 0 0 . 0 5 8 0 . 0 5 9 0 . 0 6 2 0 . 0 6 2 0 . 0 6 1 0 . 0 0 1 6 0 . 0 6 0

9 0 0 D 2 0 . 0 5 9 0 . 0 5 8 0 . 0 5 8 0 . 0 5 9 0 . 0 6 0 0 . 0 5 7 0 . 0 0 1 0 0 . 0 5 9

9 5 0 D 2 0 . 0 5 9 0 . 0 5 8 0 . 0 5 8 0 . 0 5 9 0 . 0 6 0 0 . 0 5 7 0 . 0 0 1 0 0 . 0 5 9

1 0 0 0 D 2 0 . 0 5 7 0 . 0 5 8 0 . 0 5 8 0 . 0 5 7 0 . 0 5 8 0 . 0 5 7 0 . 0 0 0 5 0 . 0 5 8

A p p e n d i x H c o n t i n u e d .

4 5 7

 



 

 

 

           

T o o t h D 3 , M a s s i n g

l 2 3 4 5 6 S T D E V A v e r a g e

0 D 3 0 . 2 8 8 0 . 2 8 8 0 . 2 9 3 0 . 2 8 9 0 . 2 8 9 0 . 2 8 8 0 . 0 0 1 9 0 . 2 8 9

5 0 D 3 0 . 2 6 9 0 . 2 7 2 0 . 2 6 9 0 . 2 7 0 0 . 2 6 9 0 . 2 7 0 0 . 0 0 1 2 0 . 2 7 0

1 0 0 D 3 0 . 2 6 0 0 . 2 5 9 0 . 2 6 0 0 . 2 5 9 0 . 2 5 8 0 . 2 5 9 0 . 0 0 0 8 0 . 2 5 9

1 5 0 D 3 0 . 2 4 9 0 . 2 4 9 0 . 2 4 8 0 . 2 4 7 0 . 2 4 9 0 . 2 5 0 0 . 0 0 1 0 0 . 2 4 9

2 0 0 D 3 0 . 2 4 2 0 . 2 4 3 0 . 2 4 4 0 . 2 4 3 0 . 2 4 3 0 . 2 4 0 0 . 0 0 1 4 0 . 2 4 3

2 5 0 D 3 0 . 2 3 6 0 . 2 3 7 0 . 2 3 9 0 . 2 4 1 0 . 2 4 1 0 . 2 4 2 0 . 0 0 2 4 0 . 2 3 9

3 0 0 D 3 0 . 2 3 6 0 . 2 3 7 0 . 2 3 9 0 . 2 4 1 0 . 2 4 1 0 . 2 4 2 0 . 0 0 2 4 0 . 2 3 9

3 5 0 D 3 0 . 2 3 0 0 . 2 3 3 0 . 2 3 2 0 . 2 3 2 0 . 2 3 0 0 . 2 3 1 0 . 0 0 1 2 0 . 2 3 1

4 0 0 D 3 - 0 . 2 2 7 0 . 2 2 6 0 . 2 2 7 0 . 2 2 6 0 . 2 2 7 0 . 2 2 6 0 . 0 0 0 5 0 . 2 2 7

4 5 0 D 3 0 . 2 2 4 0 . 2 2 8 0 . 2 2 6 0 . 2 2 6 0 . 2 2 5 0 . 2 2 6 0 . 0 0 1 3 0 . 2 2 6

5 0 0 D 3 0 . 2 2 1 0 . 2 1 9 0 . 2 2 0 0 . 2 2 2 0 . 2 2 0 0 . 2 2 1 0 . 0 0 1 0 0 . 2 2 1

5 5 0 D 3 0 . 2 1 8 0 . 2 1 6 0 . 2 2 0 0 . 2 1 7 0 . 2 1 6 0 . 2 1 7 0 . 0 0 1 5 0 . 2 1 7

6 0 0 D 3 0 . 2 1 2 0 . 2 1 4 0 . 2 1 5 0 . 2 1 4 0 . 2 1 4 0 . 2 1 5 0 . 0 0 1 1 0 . 2 1 4

6 5 0 D 3 0 . 2 1 2 0 . 2 1 4 0 . 2 1 5 0 . 2 1 4 0 . 2 1 4 0 . 2 1 5 0 . 0 0 1 1 0 . 2 1 4

7 0 0 D 3 0 . 2 1 2 0 . 2 1 2 0 . 2 1 1 0 . 2 1 2 0 . 2 1 1 0 . 2 1 1 0 . 0 0 0 5 0 . 2 1 2

7 5 0 D 3 0 . 2 1 2 0 . 2 1 2 0 . 2 1 1 0 . 2 1 2 0 . 2 1 1 0 . 2 1 1 0 . 0 0 0 5 0 . 2 1 2

8 0 0 D 3 0 . 2 1 1 0 . 2 1 2 0 . 2 1 2 0 . 2 0 9 0 . 2 0 9 0 . 2 1 1 0 . 0 0 1 4 0 . 2 1 1

8 5 0 D 3 0 . 2 0 5 0 . 2 0 6 0 . 2 0 6 0 . 2 0 6 0 . 2 0 7 0 . 2 0 7 0 . 0 0 0 8 0 . 2 0 6

9 0 0 D 3 0 . 2 0 5 0 . 2 0 5 0 . 2 0 4 0 . 2 0 5 0 . 2 0 2 0 . 2 0 3 0 . 0 0 1 3 0 . 2 0 4

9 5 0 D 3 0 . 2 0 5 0 . 2 0 5 0 . 2 0 4 0 . 2 0 5 0 . 2 0 2 0 . 2 0 3 0 . 0 0 1 3 0 . 2 0 4

1 0 0 0 D 3 0 . 2 0 0 0 . 1 9 9 0 . 2 0 0 0 . 2 0 0 0 . 1 9 9 0 . 1 9 9 0 . 0 0 0 5 0 . 2 0 0

A p p e n d i x H c o n t i n u e d .

4 5 8

 



 

 

 

 

         

T o o t h E 1 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

0 E 1 0 . 0 8 0 0 . 0 8 0 0 . 0 8 0 0 . 0 8 0 0 . 0 8 0 0 . 0 8 0 0 . 0 0 0 0 0 . 0 8 0

5 0 E 1 0 . 0 7 5 0 . 0 7 6 0 . 0 7 5 0 . 0 7 6 0 . 0 7 6 0 . 0 7 6 0 . 0 0 0 5 0 . 0 7 6

1 0 0 E 1 0 . 0 7 3 0 . 0 7 4 0 . 0 7 3 0 . 0 7 4 0 . 0 7 3 0 . 0 7 3 0 . 0 0 0 5 0 . 0 7 3

1 5 0 E 1 0 . 0 7 1 0 . 0 7 0 0 . 0 6 9 0 . 0 7 1 0 . 0 7 1 0 . 0 7 0 0 . 0 0 0 8 0 . 0 7 0

2 0 0 E 1 0 . 0 7 0 0 . 0 6 9 0 . 0 6 7 0 . 0 7 0 0 . 0 7 0 0 . 0 7 1 0 . 0 0 1 4 0 . 0 7 0

2 5 0 E 1 0 . 0 7 1 0 . 0 6 7 0 . 0 6 3 0 . 0 6 8 0 . 0 6 9 0 . 0 6 8 0 . 0 0 2 7 0 . 0 6 8

3 0 0 E 1 0 . 0 7 1 0 . 0 6 7 0 . 0 6 3 0 . 0 6 8 0 . 0 6 9 0 . 0 6 8 0 . 0 0 2 7 0 . 0 6 8

3 5 0 E 1 0 . 0 6 7 0 . 0 6 8 0 . 0 6 7 0 . 0 6 9 0 . 0 6 5 0 . 0 6 7 0 . 0 0 1 3 0 . 0 6 7

4 0 0 E 1 0 . 0 6 5 0 . 0 6 6 0 . 0 6 5 0 . 0 6 3 0 . 0 6 6 0 . 0 6 2 0 . 0 0 1 6 0 . 0 6 5

4 5 0 E 1 0 . 0 6 5 0 . 0 6 6 0 . 0 6 5 0 . 0 6 3 0 . 0 6 6 0 . 0 6 2 0 . 0 0 1 6 0 . 0 6 5

5 0 0 E l 0 . 0 6 5 0 . 0 6 6 0 . 0 6 5 0 . 0 6 3 0 . 0 6 6 0 . 0 6 2 0 . 0 0 1 6 0 . 0 6 5

5 5 0 E l 0 . 0 6 2 0 . 0 6 4 0 . 0 6 3 0 . 0 6 3 0 . 0 6 1 0 . 0 6 3 0 . 0 0 1 0 0 . 0 6 3

6 0 0 E l 0 . 0 6 2 0 . 0 6 4 0 . 0 6 3 0 . 0 6 3 0 . 0 6 1 0 . 0 6 3 0 . 0 0 1 0 0 . 0 6 3

6 5 0 E 1 0 . 0 6 2 0 . 0 6 4 0 . 0 6 3 0 . 0 6 3 0 . 0 6 1 0 . 0 6 3 0 . 0 0 1 0 0 . 0 6 3

7 0 0 E 1 0 . 0 6 2 0 . 0 6 1 0 . 0 6 2 0 . 0 6 0 0 . 0 6 1 0 . 0 6 2 0 . 0 0 0 8 0 . 0 6 1

7 5 0 E l 0 . 0 6 2 0 . 0 6 1 0 . 0 6 2 0 . 0 6 0 0 . 0 6 1 0 . 0 6 2 0 . 0 0 0 8 0 . 0 6 1

8 0 0 E 1 0 . 0 6 2 0 . 0 6 1 0 . 0 6 2 0 . 0 6 0 0 . 0 6 1 0 . 0 6 2 0 . 0 0 0 8 0 . 0 6 1

8 5 0 E 1 0 . 0 6 2 0 . 0 6 1 0 . 0 6 2 0 . 0 6 0 0 . 0 6 1 0 . 0 6 2 0 . 0 0 0 8 0 . 0 6 1

9 0 0 E 1 0 . 0 5 9 0 . 0 6 0 0 . 0 6 0 0 . 0 6 0 0 . 0 5 9 0 . 0 6 0 0 . 0 0 0 5 0 . 0 6 0

9 5 0 E 1 0 . 0 5 9 0 . 0 6 0 0 . 0 6 0 0 . 0 6 0 0 . 0 5 9 0 . 0 6 0 0 . 0 0 0 5 0 . 0 6 0

1 0 0 0 E 1 0 . 0 5 8 0 . 0 5 9 0 . 0 5 8 0 . 0 5 9 0 . 0 6 0 0 . 0 5 9 0 . 0 0 0 8 0 . 0 5 9
 

A p p e n d i x H c o n t i n u e d .

4 5 9

 



 

 

 

          

T o o t h E 2 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

0 E 2 0 . 1 7 5 0 . 1 7 3 0 . 1 7 1 0 . 1 7 2 0 . 1 7 1 0 . 1 7 3 0 . 0 0 1 5 0 . 1 7 3

5 0 E 2 0 . 1 6 0 0 . 1 6 0 0 . 1 6 0 0 . 1 5 8 0 . 1 6 1 0 . 1 6 0 0 . 0 0 1 0 0 . 1 6 0

1 0 0 E 2 0 . 1 5 5 0 . 1 5 7 0 . 1 5 6 0 . 1 5 4 0 . 1 5 5 0 . 1 5 6 0 . 0 0 1 0 0 . 1 5 6

1 5 0 E 2 0 . 1 5 2 0 . 1 5 2 0 . 1 5 1 0 . 1 5 2 0 . 1 5 1 0 . 1 5 2 0 . 0 0 0 5 0 . 1 5 2

2 0 0 E 2 0 . 1 5 0 0 . 1 4 9 0 . 1 5 0 0 . 1 4 7 0 . 1 4 8 0 . 1 4 9 0 . 0 0 1 2 0 . 1 4 9

2 5 0 E 2 0 . 1 4 4 0 . 1 4 4 0 . 1 4 3 0 . 1 4 3 0 . 1 3 8 0 . 1 4 4 0 . 0 0 2 3 0 . 1 4 3

3 0 0 E 2 0 . 1 4 4 0 . 1 4 4 0 . 1 4 3 0 . 1 4 3 0 . 1 3 8 0 . 1 4 4 0 . 0 0 2 3 0 . 1 4 3

3 5 0 E 2 0 . 1 4 0 0 . 1 4 1 0 . 1 4 0 0 . 1 4 1 0 . 1 3 8 0 . 1 4 0 0 . 0 0 1 1 0 . 1 4 0

4 0 0 E 2 0 . 1 3 5 0 . 1 3 4 0 . 1 3 8 0 . 1 3 8 0 . 1 3 7 0 . 1 3 7 0 . 0 0 1 6 0 . 1 3 7

4 5 0 E 2 0 . 1 3 5 0 . 1 3 4 0 . 1 3 8 0 . 1 3 8 0 . 1 3 7 0 . 1 3 7 0 . 0 0 1 6 0 . 1 3 7

5 0 0 E 2 0 . 1 3 4 0 . 1 3 3 0 . 1 3 5 0 . 1 3 2 0 . 1 3 4 0 . 1 3 3 0 . 0 0 1 0 0 . 1 3 4

5 5 0 E 2 0 . 1 3 0 0 . 1 2 9 0 . 1 3 2 0 . 1 3 1 0 . 1 3 1 0 . 1 3 2 0 . 0 0 1 2 0 . 1 3 1

6 0 0 E 2 0 . 1 3 1 0 . 1 2 8 0 . 1 2 9 0 . 1 2 8 0 . 1 2 8 0 . 1 2 7 0 . 0 0 1 4 0 . 1 2 9

6 5 0 E 2 0 . 1 3 1 0 . 1 2 8 0 . 1 2 9 0 . 1 2 8 0 . 1 2 8 0 . 1 2 7 0 . 0 0 1 4 0 . 1 2 9

7 0 0 E 2 0 . 1 2 7 0 . 1 2 9 0 . 1 2 9 0 . 1 2 5 0 . 1 2 6 0 . 1 2 5 0 . 0 0 1 8 0 . 1 2 7

7 5 0 E 2 0 . 1 2 7 0 . 1 2 9 0 . 1 2 9 0 . 1 2 5 0 . 1 2 6 0 . 1 2 5 0 . 0 0 1 8 0 . 1 2 7

8 0 0 E 2 0 . 1 2 6 0 . 1 2 6 0 . 1 2 6 0 . 1 2 4 0 . 1 2 3 0 . 1 2 4 0 . 0 0 1 3 0 . 1 2 5

8 5 0 E 2 0 . 1 2 6 0 . 1 2 6 0 . 1 2 6 0 . 1 2 4 0 . 1 2 3 0 . 1 2 4 0 . 0 0 1 3 0 . 1 2 5

9 0 0 E 2 0 . 1 2 0 0 . 1 1 9 0 . 1 2 0 0 . 1 2 0 0 . 1 1 9 0 . 1 2 0 0 . 0 0 0 5 0 . 1 2 0

9 5 0 E 2 0 . 1 2 0 0 . 1 1 9 0 . 1 2 0 0 . 1 2 0 0 . 1 1 9 0 . 1 2 0 0 . 0 0 0 5 0 . 1 2 0

1 0 0 0 E 2 0 . 1 1 6 0 . 1 1 7 0 . 1 2 1 0 . 1 2 0 0 . 1 2 0 0 . 1 2 1 0 . 0 0 2 1 0 . 1 1 9
 

A p p e n d i x H c o n t i n u e d .

4 6 0

 



 

T o o t h E 3 , M a s s i n g
 

 

           

4 6 1

1 2 3 4 5 6 S T D E V A v e r a g e

0 E 3 0 . 2 3 8 0 . 2 4 0 0 . 2 4 2 0 . 2 3 8 0 . 2 3 8 0 . 2 3 9 0 . 0 0 1 6 0 . 2 3 9

5 0 E 3 0 . 2 2 2 0 . 2 2 5 0 . 2 1 8 0 . 2 2 3 0 . 2 2 3 0 . 2 2 1 0 . 0 0 2 4 0 . 2 2 2

1 0 0 E 3 0 . 2 1 3 0 . 2 1 3 0 . 2 1 4 0 . 2 1 1 0 . 2 1 2 0 . 2 1 2 0 . 0 0 1 0 0 . 2 1 3

1 5 0 E 3 0 . 2 0 3 0 . 2 0 4 0 . 2 0 7 0 . 2 0 6 0 . 2 0 2 0 . 2 0 4 0 . 0 0 1 9 0 . 2 0 4

2 0 0 E 3 0 . 2 0 0 0 . 1 9 9 0 . 1 9 9 0 . 2 0 0 0 . 2 0 0 0 . 2 0 0 0 . 0 0 0 5 0 . 2 0 0

2 5 0 E 3 0 . 1 9 8 0 . 1 9 7 0 . 1 9 8 0 . 1 9 6 0 . 1 9 4 0 . 1 9 7 0 . 0 0 1 5 0 . 1 9 7

3 0 0 E 3 0 . 1 9 4 0 . 1 9 4 0 . 1 9 3 0 . 1 9 3 0 . 1 9 2 0 . 1 9 3 0 . 0 0 0 8 0 . 1 9 3

3 5 0 E 3 0 . 1 8 9 0 . 1 9 0 0 . 1 9 0 0 . 1 9 0 0 . 1 8 7 0 . 1 9 0 0 . 0 0 1 2 0 . 1 8 9

4 0 0 E 3 0 . 1 8 4 0 . 1 8 5 0 . 1 8 7 0 . 1 8 7 0 . 1 8 7 0 . 1 8 6 0 . 0 0 1 3 0 . 1 8 6

4 5 0 E 3 0 . 1 8 4 0 . 1 8 5 0 . 1 8 7 0 . 1 8 7 0 . 1 8 7 0 . 1 8 6 0 . 0 0 1 3 0 . 1 8 6

5 0 0 E 3 0 . 1 8 2 0 . 1 8 2 0 . 1 8 1 0 . 1 8 2 0 . 1 8 1 0 . 1 8 0 0 . 0 0 0 8 0 . 1 8 1

5 5 0 E 3 0 . 1 8 0 0 . 1 7 8 0 . 1 7 9 0 . 1 8 0 0 . 1 8 0 0 . 1 7 9 0 . 0 0 0 8 0 . 1 7 9

6 0 0 E 3 0 . 1 7 9 0 . 1 7 9 0 . 1 7 8 0 . 1 7 6 0 . 1 7 7 0 . 1 7 7 0 . 0 0 1 2 0 . 1 7 8

6 5 0 E 3 0 . 1 7 5 0 . 1 7 6 0 . 1 7 6 0 . 1 7 5 0 . 1 7 6 0 . 1 7 8 0 . 0 0 1 1 0 . 1 7 6

7 0 0 E 3 0 . 1 7 2 0 . 1 7 3 0 . 1 7 4 0 . 1 7 4 0 . 1 7 5 0 . 1 7 1 0 . 0 0 1 5 0 . 1 7 3

7 5 0 E 3 0 . 1 7 2 0 . 1 7 3 0 . 1 7 4 0 . 1 7 4 0 . 1 7 5 0 . 1 7 1 0 . 0 0 1 5 0 . 1 7 3

8 0 0 E 3 0 . 1 7 1 0 . 1 7 2 0 . 1 7 1 0 . 1 6 8 0 . 1 7 3 0 . 1 6 9 0 . 0 0 1 9 0 . 1 7 1

8 5 0 E 3 0 . 1 6 9 0 . 1 7 0 0 . 1 7 0 0 . 1 6 9 0 . 1 6 9 0 . 1 7 0 0 . 0 0 0 5 0 . 1 7 0

9 0 0 E 3 0 . 1 6 8 0 . 1 6 7 0 . 1 7 0 0 . 1 6 9 0 . 1 6 8 0 . 1 6 9 0 . 0 0 1 0 0 . 1 6 9

9 5 0 E 3 0 . 1 6 8 0 . 1 6 7 0 . 1 7 0 0 . 1 6 9 0 . 1 6 8 0 . 1 6 9 0 . 0 0 1 0 0 . 1 6 9

1 0 0 0 E 3 0 . 1 6 5 0 . 1 6 7 0 . 1 6 7 0 . 1 6 8 0 . 1 6 7 0 . 1 6 8 0 . 0 0 1 1 0 . 1 6 7

A p p e n d i x H c o n t i n u e d .

 



 

 

 

          

T o o t h F 1 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

0 F 1 0 . 0 7 1 0 . 0 7 1 0 . 0 6 9 0 . 0 7 3 0 . 0 7 0 0 . 0 7 0 0 . 0 0 1 4 0 . 0 7 1

5 0 F l 5 0 . 0 7 0 0 . 0 7 0 0 . 0 6 8 0 . 0 6 9 0 . 0 6 8 0 . 0 6 6 0 . 0 0 1 5 0 . 0 6 9

1 0 0 F 1 0 . 0 6 5 0 . 0 6 6 0 . 0 6 8 0 . 0 6 7 0 . 0 6 8 0 . 0 6 8 0 . 0 0 1 3 0 . 0 6 7

1 5 0 F 1 0 . 0 6 5 0 . 0 6 5 0 . 0 6 6 0 . 0 6 6 0 . 0 6 5 0 . 0 6 5 0 . 0 0 0 5 0 . 0 6 5

2 0 0 F 1 0 . 0 6 2 0 . 0 6 2 0 . 0 6 5 0 . 0 6 4 0 . 0 6 3 0 . 0 6 2 0 . 0 0 1 3 0 . 0 6 3

2 5 0 F 1 0 . 0 6 0 0 . 0 6 0 0 . 0 6 2 0 . 0 6 3 0 . 0 6 1 0 . 0 6 3 0 . 0 0 1 4 0 . 0 6 2

3 0 0 F 1 0 . 0 6 0 0 . 0 6 0 0 . 0 6 2 0 . 0 6 3 0 . 0 6 1 0 . 0 6 3 0 . 0 0 1 4 0 . 0 6 2

3 5 0 F 1 0 . 0 6 0 0 . 0 6 0 0 . 0 6 0 0 . 0 6 1 0 . 0 5 9 0 . 0 6 0 0 . 0 0 0 6 0 . 0 6 0

4 0 0 F 1 0 . 0 6 0 0 . 0 6 0 0 . 0 6 0 0 . 0 6 1 0 . 0 5 9 0 . 0 6 0 0 . 0 0 0 6 0 . 0 6 0

4 5 0 F 1 0 . 0 5 8 0 . 0 5 8 0 . 0 5 6 0 . 0 5 7 0 . 0 5 8 0 . 0 5 8 0 . 0 0 0 8 0 . 0 5 8

5 0 0 F 1 0 . 0 5 8 0 . 0 5 8 0 . 0 5 6 0 . 0 5 7 0 . 0 5 8 0 . 0 5 8 0 . 0 0 0 8 0 . 0 5 8

5 5 0 F 1 0 . 0 5 8 0 . 0 5 8 0 . 0 5 6 0 . 0 5 7 0 . 0 5 8 0 . 0 5 8 0 . 0 0 0 8 0 . 0 5 8

6 0 0 F 1 0 . 0 5 8 0 . 0 5 8 0 . 0 5 6 0 . 0 5 7 0 . 0 5 8 0 . 0 5 8 0 . 0 0 0 8 0 . 0 5 8

6 5 0 F 1 0 . 0 5 8 0 . 0 5 8 0 . 0 5 6 0 . 0 5 7 0 . 0 5 8 0 . 0 5 8 0 . 0 0 0 8 0 . 0 5 8

7 0 0 F 1 0 . 0 5 7 0 . 0 5 5 0 . 0 5 9 0 . 0 5 8 0 . 0 5 8 0 . 0 5 9 0 . 0 0 1 5 0 . 0 5 8

7 5 0 F 1 0 . 0 5 6 0 . 0 5 6 0 . 0 5 6 0 . 0 5 6 0 . 0 5 6 0 . 0 5 8 0 . 0 0 0 8 0 . 0 5 6

8 0 0 F 1 0 . 0 5 5 0 . 0 5 7 0 . 0 5 4 0 . 0 5 5 0 . 0 5 5 0 . 0 5 4 0 . 0 0 1 1 0 . 0 5 5

8 5 0 F 1 0 . 0 5 5 0 . 0 5 7 0 . 0 5 4 0 . 0 5 5 0 . 0 5 5 0 . 0 5 4 0 . 0 0 1 1 0 . 0 5 5

9 0 0 F 1 0 . 0 5 5 0 . 0 5 7 0 . 0 5 4 0 . 0 5 5 0 . 0 5 5 0 . 0 5 4 0 . 0 0 1 1 0 . 0 5 5

9 5 0 F 1 0 . 0 5 5 0 . 0 5 7 0 . 0 5 4 0 . 0 5 5 0 . 0 5 5 0 . 0 5 4 0 . 0 0 1 1 0 . 0 5 5

1 0 0 0 F 1 0 . 0 5 4 0 . 0 5 4 0 . 0 5 5 0 . 0 5 4 0 . 0 5 3 0 . 0 5 4 0 . 0 0 0 6 0 . 0 5 4
 

A p p e n d i x H c o n t i n u e d .

4 6 2

 



 

 

 

         

T o o t h F 2 , M a s s i n g

I 1 2 3 4 5 6 S T D E V A v e r a g e
0 F 2 0 . 1 5 9 0 . 1 6 0 0 . 1 6 4 0 . 1 6 0 0 . 1 6 1 0 . 1 6 1 0 . 0 0 1 7 0 . 1 6 1 —

5 0 F 2 0 . 1 4 9 0 . 1 4 9 0 . 1 4 8 0 . 1 5 0 0 . 1 4 9 0 . 1 5 0 0 . 0 0 0 8 0 . 1 4 9

1 0 0 F 2 0 . 1 4 5 0 . 1 4 4 0 . 1 4 4 0 . 1 4 3 0 . 1 4 6 0 . 1 4 1 0 . 0 0 1 7 0 . 1 4 4

1 5 0 F 2 0 . 1 3 6 0 . 1 3 9 0 . 1 3 9 0 . 1 3 8 0 . 1 4 0 0 . 1 4 0 0 . 0 0 1 5 0 . 1 3 9

2 0 0 F 2 0 . 1 3 4 0 . 1 3 5 0 . 1 3 4 0 . 1 3 4 0 . 1 3 5 0 . 1 3 3 0 . 0 0 0 8 0 . 1 3 4

2 5 0 F 2 0 . 1 3 1 0 . 1 2 9 0 . 1 2 8 0 . 1 3 1 0 . 1 3 1 0 . 1 3 2 0 . 0 0 1 5 0 . 1 3 0

3 0 0 F 2 0 . 1 3 1 0 . 1 2 9 0 . 1 2 8 0 . 1 3 1 0 . 1 3 1 0 . 1 3 2 0 . 0 0 1 5 0 . 1 3 0

3 5 0 F 2 0 . 1 2 8 0 . 1 2 7 0 . 1 2 6 0 . 1 2 9 0 . 1 2 6 0 . 1 2 7 0 . 0 0 1 2 0 . 1 2 7

4 0 0 F 2 0 . 1 2 5 0 . 1 2 3 0 . 1 2 2 0 . 1 2 7 0 . 1 2 7 0 . 1 2 6 0 . 0 0 2 1 0 . 1 2 5

4 5 0 F 2 0 . 1 2 3 0 . 1 2 3 0 . 1 2 2 0 . 1 2 3 0 . 1 2 2 0 . 1 2 6 0 . 0 0 1 5 0 . 1 2 3

5 0 0 F 2 0 . 1 2 0 0 . 1 1 9 0 . 1 2 0 0 . 1 2 0 0 . 1 2 2 0 . 1 2 1 0 . 0 0 1 0 0 . 1 2 0

5 5 0 F 2 0 . 1 1 9 0 . 1 1 9 0 . 1 1 8 0 . 1 1 9 0 . 1 1 9 0 . 1 1 9 0 . 0 0 0 4 0 . 1 1 9

6 0 0 F 2 0 . 1 1 6 0 . 1 1 8 0 . 1 1 7 0 . 1 1 8 0 . 1 1 9 0 . 1 1 9 0 . 0 0 1 2 0 . 1 1 8

6 5 0 F 2 0 . 1 1 6 0 . 1 1 8 0 . 1 1 7 0 . 1 1 8 0 . 1 1 9 0 . 1 1 9 0 . 0 0 1 2 0 . 1 1 8

7 0 0 F 2 0 . 1 1 6 0 . 1 1 8 0 . 1 1 7 0 . 1 1 8 0 . 1 1 9 0 . 1 1 9 0 . 0 0 1 2 0 . 1 1 8

7 5 0 F 2 0 . 1 1 6 0 . 1 1 8 0 . 1 1 7 0 . 1 1 8 0 . 1 1 9 0 . 1 1 9 0 . 0 0 1 2 0 . 1 1 8

8 0 0 F 2 0 . 1 1 4 0 . 1 1 5 0 . 1 1 5 0 . 1 1 6 0 . 1 1 6 0 . 1 1 5 0 . 0 0 0 8 0 . 1 1 5

8 5 0 F 2 0 . 1 1 4 0 . 1 1 5 0 . 1 1 5 0 . 1 1 6 0 . 1 1 6 0 . 1 1 5 0 . 0 0 0 8 0 . 1 1 5

9 0 0 F 2 0 . 1 1 2 0 . 1 1 1 0 . 1 1 3 0 . 1 1 3 0 . 1 1 4 0 . 1 1 4 0 . 0 0 1 2 0 . 1 1 3

9 5 0 F 2 0 . 1 1 2 0 . 1 1 1 0 . 1 1 3 0 . 1 1 3 0 . 1 1 4 0 . 1 1 4 0 . 0 0 1 2 0 . 1 1 3

1 0 0 0 F 2 0 . 1 1 0 0 . 1 1 1 0 . 1 0 9 0 . 1 1 0 0 . 1 1 1 0 . 1 1 0 0 . 0 0 0 8 0 . 1 1 0
 

A p p e n d i x H c o n t i n u e d .

4 6 3

 



 

 

 

           

T o o t h F 3 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

0 F 3 0 . 1 0 1 0 . 1 0 4 0 . 1 0 6 0 . 1 0 8 0 . 1 0 6 0 . 1 0 5 0 . 0 0 2 4 0 . 1 0 5

5 0 F 3 0 . 1 0 1 0 . 1 0 0 0 . 1 0 1 0 . 1 0 2 0 . 1 0 0 0 . 0 9 8 0 . 0 0 1 4 0 . 1 0 0

1 0 0 F 3 0 . 0 9 8 0 . 0 9 8 0 . 0 9 9 0 . 1 0 0 0 . 0 9 9 0 . 1 0 2 0 . 0 0 1 5 0 . 0 9 9

1 5 0 F 3 0 . 0 9 7 0 . 0 9 8 0 . 0 9 8 0 . 0 9 6 0 . 0 9 7 0 . 0 9 8 0 . 0 0 0 8 0 . 0 9 7

2 0 0 F 3 0 . 0 9 6 0 . 0 9 6 0 . 0 9 7 0 . 0 9 6 0 . 0 9 7 0 . 0 9 5 0 . 0 0 0 8 0 . 0 9 6

2 5 0 F 3 0 . 0 9 6 0 . 0 9 5 0 . 0 9 0 0 . 0 9 1 0 . 0 9 5 0 . 0 9 6 0 . 0 0 2 6 0 . 0 9 4

3 0 0 F 3 0 . 0 9 6 0 . 0 9 5 0 . 0 9 0 0 . 0 9 1 0 . 0 9 5 0 . 0 9 6 0 . 0 0 2 6 0 . 0 9 4

3 5 0 F 3 0 . 0 9 6 0 . 0 9 5 0 . 0 9 0 0 . 0 9 1 0 . 0 9 5 0 . 0 9 6 0 . 0 0 2 6 0 . 0 9 4

4 0 0 F 3 0 . 0 9 6 0 . 0 9 5 0 . 0 9 0 0 . 0 9 1 0 . 0 9 5 0 . 0 9 6 0 . 0 0 2 6 0 . 0 9 4

4 5 0 F 3 0 . 0 9 6 0 . 0 9 5 0 . 0 9 0 0 . 0 9 1 0 . 0 9 5 0 . 0 9 6 0 . 0 0 2 6 0 . 0 9 4

5 0 0 F 3 0 . 0 9 6 0 . 0 9 5 0 . 0 9 0 0 . 0 9 1 0 . 0 9 5 0 . 0 9 6 0 . 0 0 2 6 0 . 0 9 4

5 5 0 F 3 0 . 0 9 4 0 . 0 9 4 0 . 0 9 2 0 . 0 9 4 0 . 0 9 2 0 . 0 9 1 0 . 0 0 1 3 0 . 0 9 3

6 0 0 F 3 0 . 0 9 2 0 . 0 9 0 0 . 0 8 9 0 . 0 9 0 0 . 0 9 0 0 . 0 9 0 0 . 0 0 1 0 0 . 0 9 0

6 5 0 F 3 0 . 0 9 2 0 . 0 9 0 0 . 0 8 9 0 . 0 9 0 0 . 0 9 0 0 . 0 9 0 0 . 0 0 1 0 0 . 0 9 0

7 0 0 F 3 0 . 0 9 2 0 . 0 9 0 0 . 0 8 9 0 . 0 9 0 0 . 0 9 0 0 . 0 9 0 0 . 0 0 1 0 0 . 0 9 0

7 5 0 F 3 0 . 0 9 2 0 . 0 9 0 0 . 0 8 9 0 . 0 9 0 0 . 0 9 0 0 . 0 9 0 0 . 0 0 1 0 0 . 0 9 0

8 0 0 F 3 0 . 0 9 2 0 . 0 9 0 0 . 0 8 9 0 . 0 9 0 0 . 0 9 0 0 . 0 9 0 0 . 0 0 1 0 0 . 0 9 0

8 5 0 F 3 0 . 0 9 2 0 . 0 9 0 0 . 0 8 9 0 . 0 9 0 0 . 0 9 0 0 . 0 9 0 0 . 0 0 1 0 0 . 0 9 0

9 0 0 F 3 0 . 0 8 9 0 . 0 8 8 0 . 0 8 8 0 . 0 8 8 0 . 0 8 9 0 . 0 9 0 0 . 0 0 0 8 0 . 0 8 9

9 5 0 F 3 0 . 0 8 9 0 . 0 8 8 0 . 0 8 8 0 . 0 8 8 0 . 0 8 9 0 . 0 9 0 0 . 0 0 0 8 0 . 0 8 9

1 0 0 0 F 3 0 . 0 8 9 0 . 0 8 8 0 . 0 8 8 0 . 0 8 8 0 . 0 8 9 0 . 0 9 0 0 . 0 0 0 8 0 . 0 8 9

A p p e n d i x H c o n t i n u e d .

4 6 4

 



 

 

 

 
 

        

T o o t h G 1 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

0 G 1 0 . 0 7 6 0 . 0 7 6 0 . 0 8 1 0 . 0 7 5 0 . 0 7 6 0 . 0 7 6 0 . 0 0 2 2 0 . 0 7 7

5 0 G 1 0 . 0 7 6 0 . 0 7 5 0 . 0 7 7 0 . 0 7 3 0 . 0 7 6 0 . 0 7 5 0 . 0 0 1 4 0 . 0 7 5

1 0 0 G 1 0 . 0 7 4 0 . 0 7 4 0 . 0 7 4 0 . 0 7 3 0 . 0 7 5 0 . 0 7 4 0 . 0 0 0 6 0 . 0 7 4

1 5 0 G 1 0 . 0 7 2 0 . 0 7 0 0 . 0 6 9 0 . 0 7 2 0 . 0 7 4 0 . 0 7 2 0 . 0 0 1 8 0 . 0 7 2

2 0 0 G 1 0 . 0 7 2 0 . 0 7 2 0 . 0 7 1 0 . 0 7 2 0 . 0 7 2 0 . 0 7 2 0 . 0 0 0 4 0 . 0 7 2

2 5 0 G 1 0 . 0 7 1 0 . 0 7 3 0 . 0 7 3 0 . 0 7 4 0 . 0 7 5 0 . 0 7 5 0 . 0 0 1 5 0 . 0 7 4

3 0 0 G 1 0 . 0 7 0 0 . 0 7 0 0 . 0 7 0 0 . 0 6 9 0 . 0 6 9 0 . 0 6 9 0 . 0 0 0 5 0 . 0 7 0

3 5 0 G 1 0 . 0 7 0 0 . 0 7 0 0 . 0 7 0 0 . 0 6 9 0 . 0 6 9 0 . 0 6 9 0 . 0 0 0 5 0 . 0 7 0

4 0 0 G 1 0 . 0 7 0 0 . 0 7 0 0 . 0 7 0 0 . 0 6 9 0 . 0 6 9 0 . 0 6 9 0 . 0 0 0 5 0 . 0 7 0

4 5 0 G 1 0 . 0 6 6 0 . 0 6 5 0 . 0 6 4 0 . 0 6 5 0 . 0 6 5 0 . 0 6 6 0 . 0 0 0 8 0 . 0 6 5

5 0 0 G 1 0 . 0 6 6 0 . 0 6 5 0 . 0 6 4 0 . 0 6 5 0 . 0 6 5 0 . 0 6 6 0 . 0 0 0 8 0 . 0 6 5

5 5 0 G 1 0 . 0 6 6 0 . 0 6 5 0 . 0 6 4 0 . 0 6 5 0 . 0 6 5 0 . 0 6 6 0 . 0 0 0 8 0 . 0 6 5

6 0 0 G 1 0 . 0 6 6 0 . 0 6 5 0 . 0 6 4 0 . 0 6 5 0 . 0 6 5 0 . 0 6 6 0 . 0 0 0 8 0 . 0 6 5

6 5 0 G 1 0 . 0 6 2 0 . 0 6 4 0 . 0 6 4 0 . 0 6 4 0 . 0 6 5 0 . 0 6 5 0 . 0 0 1 1 0 . 0 6 4

7 0 0 G 1 0 . 0 6 2 0 . 0 6 4 0 . 0 6 4 0 . 0 6 4 0 . 0 6 5 0 . 0 6 5 0 . 0 0 1 1 0 . 0 6 4

7 5 0 G 1 0 . 0 6 2 0 . 0 6 4 0 . 0 6 4 0 . 0 6 4 0 . 0 6 5 0 . 0 6 5 0 . 0 0 1 1 0 . 0 6 4

8 0 0 G 1 0 . 0 6 0 0 . 0 6 4 0 . 0 6 3 0 . 0 5 9 0 . 0 5 8 0 . 0 5 9 0 . 0 0 2 4 0 . 0 6 1

8 5 0 G 1 0 . 0 6 0 0 . 0 6 4 0 . 0 6 3 0 . 0 5 9 0 . 0 5 8 0 . 0 5 9 0 . 0 0 2 4 0 . 0 6 1

9 0 0 G 1 0 . 0 6 0 0 . 0 6 4 0 . 0 6 3 0 . 0 5 9 0 . 0 5 8 0 . 0 5 9 0 . 0 0 2 4 0 . 0 6 1

9 5 0 G 1 0 . 0 6 0 0 . 0 6 4 0 . 0 6 3 0 . 0 5 9 0 . 0 5 8 0 . 0 5 9 0 . 0 0 2 4 0 . 0 6 1

1 0 0 0 G 1 0 . 0 6 0 0 . 0 6 4 0 . 0 6 3 0 . 0 5 9 0 . 0 5 8 0 . 0 5 9 0 . 0 0 2 4 0 . 0 6 1
 

A p p e n d i x H c o n t i n u e d .

4 6 5

 



 

 

 

          

T o o t h G 2 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

0 G 2 0 . 1 1 4 0 . 1 1 7 0 . 1 1 3 0 . 1 1 8 0 . 1 0 8 0 . 1 1 4 0 . 0 0 3 5 0 . 1 1 4

5 0 G 2 0 . 1 0 7 0 . 1 0 6 0 . 1 0 7 0 . 1 0 7 0 . 1 0 9 0 . 1 0 7 0 . 0 0 1 0 0 . 1 0 7

1 0 0 G 2 0 . 1 0 3 0 . 1 0 5 0 . 1 0 5 0 . 1 0 4 0 . 1 0 3 0 . 1 0 6 0 . 0 0 1 2 0 . 1 0 4

1 5 0 G Z 0 . 0 9 8 0 . 0 9 7 0 . 0 9 8 0 . 0 9 9 0 . 1 0 1 0 . 1 0 2 0 . 0 0 1 9 0 . 0 9 9

2 0 0 G Z 0 . 0 9 9 0 . 1 0 1 0 . 0 9 7 0 . 1 0 1 0 . 1 0 1 0 . 1 0 0 0 . 0 0 1 6 0 . 1 0 0

2 5 0 G 2 0 . 0 9 3 0 . 0 9 5 0 . 0 9 5 0 . 0 9 6 0 . 0 9 6 0 . 0 9 9 0 . 0 0 2 0 0 . 0 9 6

3 0 0 G 2 0 . 0 9 3 0 . 0 9 5 0 . 0 9 5 0 . 0 9 6 0 . 0 9 6 0 . 0 9 9 0 . 0 0 2 0 0 . 0 9 6

3 5 0 G 2 0 . 0 9 3 0 . 0 9 5 0 . 0 9 5 0 . 0 9 6 0 . 0 9 6 0 . 0 9 9 0 . 0 0 2 0 0 . 0 9 6

4 0 0 G 2 0 . 0 9 0 0 . 0 9 1 0 . 0 9 1 0 . 0 8 9 0 . 0 9 1 0 . 0 9 0 0 . 0 0 0 8 0 . 0 9 0

4 5 0 G 2 0 . 0 9 0 0 . 0 9 1 0 . 0 9 1 0 . 0 8 9 0 . 0 9 1 0 . 0 9 0 0 . 0 0 0 8 0 . 0 9 0

5 0 0 G 2 0 . 0 8 9 0 . 0 8 9 0 . 0 8 8 0 . 0 9 0 0 . 0 8 9 0 . 0 8 8 0 . 0 0 0 8 0 . 0 8 9

5 5 0 G 2 0 . 0 8 9 0 . 0 8 9 0 . 0 8 8 0 . 0 9 0 0 . 0 8 9 0 . 0 8 8 0 . 0 0 0 8 0 . 0 8 9

6 0 0 G 2 0 . 0 8 6 0 . 0 8 8 0 . 0 8 8 0 . 0 8 5 0 . 0 8 7 0 . 0 8 5 0 . 0 0 1 4 0 . 0 8 7

6 5 0 G 2 0 . 0 8 6 0 . 0 8 8 0 . 0 8 8 0 . 0 8 5 0 . 0 8 7 0 . 0 8 5 0 . 0 0 1 4 0 . 0 8 7

7 0 0 G 2 0 . 0 8 0 0 . 0 7 9 0 . 0 7 9 0 . 0 8 1 0 . 0 7 9 0 . 0 7 8 0 . 0 0 1 0 0 . 0 7 9

7 5 0 G 2 0 . 0 8 0 0 . 0 7 9 0 . 0 7 9 0 . 0 8 1 0 . 0 7 9 0 . 0 7 8 0 . 0 0 1 0 0 . 0 7 9

8 0 0 G 2 0 . 0 8 0 0 . 0 7 9 0 . 0 7 9 0 . 0 8 1 0 . 0 7 9 0 . 0 7 8 0 . 0 0 1 0 0 . 0 7 9

8 5 0 G 2 0 . 0 8 0 0 . 0 7 9 0 . 0 7 9 0 . 0 8 1 0 . 0 7 9 0 . 0 7 8 0 . 0 0 1 0 0 . 0 7 9

9 0 0 G 2 0 . 0 8 0 0 . 0 7 9 0 . 0 7 9 0 . 0 8 1 0 . 0 7 9 0 . 0 7 8 0 . 0 0 1 0 0 . 0 7 9

9 5 0 G 2 0 . 0 8 0 0 . 0 7 9 0 . 0 7 9 0 . 0 8 1 0 . 0 7 9 0 . 0 7 8 0 . 0 0 1 0 0 . 0 7 9

1 0 0 0 G 2 0 . 0 8 0 0 . 0 7 9 0 . 0 7 9 0 . 0 8 1 0 . 0 7 9 0 . 0 7 8 0 . 0 0 1 0 0 . 0 7 9
 

A p p e n d i x H c o n t i n u e d .

4 6 6

 



 

T o o t h G 3 , M a s s i n g
 

 

 

1 2 3 4 5 6 S T D E V A v e r a g e

0 G 3 0 . 1 8 7 0 . 1 8 7 0 . 1 8 8 0 . 1 8 7 0 . 1 8 7 0 . 1 8 7 0 . 0 0 0 4 0 . 1 8 7

5 0 G 3 0 . 1 8 4 0 . 1 8 2 0 . 1 8 3 0 . 1 8 3 0 . 1 8 4 0 . 1 8 5 0 . 0 0 1 0 0 . 1 8 4

1 0 0 G 3 0 . 1 8 0 0 . 1 7 9 0 . 1 7 8 0 . 1 8 0 0 . 1 8 1 0 . 1 8 1 0 . 0 0 1 2 0 . 1 8 0

1 5 0 G 3 0 . 1 7 5 0 . 1 7 4 0 . 1 7 6 0 . 1 7 3 0 . 1 7 6 0 . 1 7 6 0 . 0 0 1 3 0 . 1 7 5

2 0 0 G 3 0 . 1 7 2 0 . 1 7 3 0 . 1 7 1 0 . 1 7 2 0 . 1 7 1 0 . 1 7 2 0 . 0 0 0 8 0 . 1 7 2

2 5 0 G 3 0 . 1 6 7 0 . 1 6 6 0 . 1 6 6 0 . 1 6 7 0 . 1 6 8 0 . 1 6 8 0 . 0 0 0 9 0 . 1 6 7

3 0 0 G 3 0 . 1 6 7 0 . 1 6 6 0 . 1 6 6 0 . 1 6 7 0 . 1 6 8 0 . 1 6 8 0 . 0 0 0 9 0 . 1 6 7

3 5 0 G 3 0 . 1 6 3 0 . 1 6 3 0 . 1 6 2 0 . 1 6 3 0 . 1 6 4 0 . 1 6 3 0 . 0 0 0 6 0 . 1 6 3

4 0 0 G 3 0 . 1 6 0 0 . 1 6 1 0 . 1 6 2 0 . 1 6 1 0 . 1 6 2 0 . 1 6 1 0 . 0 0 0 8 0 . 1 6 1

4 5 0 G 3 0 . 1 5 8 0 . 1 5 8 0 . 1 5 7 0 . 1 5 6 0 . 1 5 8 0 . 1 5 9 0 . 0 0 1 0 0 . 1 5 8

5 0 0 G 3 0 . 1 5 4 0 . 1 5 0 0 . 1 5 6 0 . 1 5 5 0 . 1 5 5 0 . 1 5 4 0 . 0 0 2 1 0 . 1 5 4

5 5 0 G 3 0 . 1 5 2 0 . 1 5 1 0 . 1 5 2 0 . 1 5 1 0 . 1 5 2 0 . 1 5 4 0 . 0 0 1 1 0 . 1 5 2

6 0 0 G 3 0 . 1 4 9 0 . 1 5 0 0 . 1 4 9 0 . 1 5 1 0 . 1 4 7 0 . 1 4 6 0 . 0 0 1 9 0 . 1 4 9

6 5 0 G 3 0 . 1 4 9 0 . 1 5 0 0 . 1 4 9 0 . 1 5 1 0 . 1 4 7 0 . 1 4 6 0 . 0 0 1 9 0 . 1 4 9

7 0 0 G 3 0 . 1 4 6 0 . 1 4 5 0 . 1 4 9 0 . 1 4 8 0 . 1 4 8 0 . 1 4 7 0 . 0 0 1 5 0 . 1 4 7

7 5 0 G 3 0 . 1 4 6 0 . 1 4 5 0 . 1 4 9 0 . 1 4 8 0 . 1 4 8 0 . 1 4 7 0 . 0 0 1 5 0 . 1 4 7

8 0 0 G 3 0 . 1 4 3 0 . 1 4 4 0 . 1 4 2 0 . 1 4 4 0 . 1 4 5 0 . 1 4 6 0 . 0 0 1 4 0 . 1 4 4

8 5 0 G 3 0 . 1 4 2 0 . 1 4 1 0 . 1 4 3 0 . 1 4 3 0 . 1 4 4 0 . 1 4 3 0 . 0 0 1 0 0 . 1 4 3

9 0 0 G 3 0 . 1 4 2 0 . 1 4 1 0 . 1 4 3 0 . 1 4 3 0 . 1 4 4 0 . 1 4 3 0 . 0 0 1 0 0 . 1 4 3

9 5 0 G 3 0 . 1 4 0 0 . 1 4 0 0 . 1 3 9 0 . 1 4 0 0 . 1 4 1 0 . 1 4 1 0 . 0 0 0 8 0 . 1 4 0

1 0 0 0 G 3 0 . 1 4 0 0 . 1 3 9 0 . 1 4 0 0 . 1 4 0 0 . 1 3 9 0 . 1 3 8 0 . 0 0 0 8 0 . 1 3 9

 
         

A p p e n d i x H c o n t i n u e d .

4 6 7

 



 

T o o t h H 1 , M a s s i n £
 

 

 

1 2 3 4 5 6 S T D E V A v e r a g e

0 H 1 0 . 0 7 7 0 . 0 7 3 0 . 0 7 2 0 . 0 7 1 0 . 0 7 2 0 . 0 7 2 0 . 0 0 2 1 0 . 0 7 3

5 0 H 1 0 . 0 6 5 0 . 0 6 5 0 . 0 6 4 0 . 0 6 4 0 . 0 6 6 0 . 0 6 5 0 . 0 0 0 8 0 . 0 6 5

1 0 0 H 1 0 . 0 6 2 0 . 0 6 1 0 . 0 6 2 0 . 0 6 2 0 . 0 6 1 0 . 0 6 3 0 . 0 0 0 8 0 . 0 6 2

1 5 0 H 1 0 . 0 5 9 0 . 0 5 8 0 . 0 5 9 0 . 0 5 9 0 . 0 6 2 0 . 0 6 1 0 . 0 0 1 5 0 . 0 6 0

2 0 0 H 1 0 . 0 5 6 0 . 0 5 7 0 . 0 5 6 0 . 0 5 7 0 . 0 5 4 0 . 0 5 5 0 . 0 0 1 2 0 . 0 5 6

2 5 0 H 1 0 . 0 5 4 0 . 0 5 5 0 . 0 5 5 0 . 0 5 5 0 . 0 5 5 0 . 0 5 5 0 . 0 0 0 4 0 . 0 5 5

3 0 0 H 1 0 . 0 5 4 0 . 0 5 5 0 . 0 5 5 0 . 0 5 5 0 . 0 5 5 0 . 0 5 5 0 . 0 0 0 4 0 . 0 5 5

3 5 0 H 1 0 . 0 5 4 0 . 0 5 5 0 . 0 5 5 0 . 0 5 5 0 . 0 5 5 0 . 0 5 5 0 . 0 0 0 4 0 . 0 5 5

4 0 0 H 1 0 . 0 5 4 0 . 0 5 3 0 . 0 5 3 0 . 0 5 4 0 . 0 5 3 0 . 0 5 4 0 . 0 0 0 5 0 . 0 5 4

4 5 0 H 1 0 . 0 5 4 0 . 0 5 3 0 . 0 5 3 0 . 0 5 4 0 . 0 5 3 0 . 0 5 4 0 . 0 0 0 5 0 . 0 5 4

5 0 0 H 1 0 . 0 5 3 0 . 0 5 3 0 . 0 5 1 0 . 0 5 3 0 . 0 5 1 0 . 0 5 3 0 . 0 0 1 0 0 . 0 5 2

5 5 0 H 1 0 . 0 5 3 0 . 0 5 3 0 . 0 5 1 0 . 0 5 3 0 . 0 5 1 0 . 0 5 3 0 . 0 0 1 0 0 . 0 5 2

6 0 0 H 1 0 . 0 5 1 0 . 0 5 0 0 . 0 4 9 0 . 0 5 0 0 . 0 5 1 0 . 0 5 2 0 . 0 0 1 0 0 . 0 5 1

6 5 0 H 1 0 . 0 4 9 0 . 0 5 0 0 . 0 5 0 0 . 0 4 9 0 . 0 5 0 0 . 0 4 9 0 . 0 0 0 5 0 . 0 5 0

7 0 0 H 1 0 . 0 4 9 0 . 0 5 0 0 . 0 5 0 0 . 0 4 9 0 . 0 5 0 0 . 0 4 9 0 . 0 0 0 5 0 . 0 5 0

7 5 0 H 1 0 . 0 4 9 0 . 0 5 0 0 . 0 5 0 0 . 0 4 9 0 . 0 5 0 0 . 0 4 9 0 . 0 0 0 5 0 . 0 5 0

8 0 0 H 1 0 . 0 4 8 0 . 0 4 7 0 . 0 4 7 0 . 0 4 6 0 . 0 4 8 0 . 0 4 6 0 . 0 0 0 9 0 . 0 4 7

8 5 0 H 1 0 . 0 4 8 0 . 0 4 7 0 . 0 4 7 0 . 0 4 6 0 . 0 4 8 0 . 0 4 6 0 . 0 0 0 9 0 . 0 4 7

9 0 0 H 1 0 . 0 4 8 0 . 0 4 7 0 . 0 4 7 0 . 0 4 6 0 . 0 4 8 0 . 0 4 6 0 . 0 0 0 9 0 . 0 4 7

9 5 0 H 1 0 . 0 4 8 0 . 0 4 7 0 . 0 4 7 0 . 0 4 6 0 . 0 4 8 0 . 0 4 6 0 . 0 0 0 9 0 . 0 4 7

1 0 0 0 H 1 0 . 0 4 8 0 . 0 4 7 0 . 0 4 7 0 . 0 4 6 0 . 0 4 8 0 . 0 4 6 0 . 0 0 0 9 0 . 0 4 7         
 

A p p e n d i x H c o n t i n u e d .

4 6 8

 



 

 

 

          

T o o t h H 2 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

0 H 2 0 . 0 9 6 0 . 0 9 2 0 . 0 9 1 0 . 0 9 8 0 . 0 9 7 0 . 0 9 5 0 . 0 0 2 8 0 . 0 9 5

5 0 H 2 0 . 0 8 9 0 . 0 8 8 0 . 0 8 8 0 . 0 8 8 0 . 0 8 9 0 . 0 8 9 0 . 0 0 0 5 0 . 0 8 9

1 0 0 H 2 0 . 0 8 6 0 . 0 8 8 0 . 0 8 7 0 . 0 8 5 0 . 0 8 4 0 . 0 8 5 0 . 0 0 1 5 0 . 0 8 6

1 5 0 H 2 0 . 0 8 3 0 . 0 8 4 0 . 0 8 6 0 . 0 8 1 0 . 0 8 3 0 . 0 8 1 0 . 0 0 1 9 0 . 0 8 3

2 0 0 H 2 0 . 0 8 1 0 . 0 8 3 0 . 0 8 0 0 . 0 7 9 0 . 0 8 0 0 . 0 7 9 0 . 0 0 1 5 0 . 0 8 0

2 5 0 H 2 0 . 0 7 7 0 . 0 7 9 0 . 0 7 9 0 . 0 7 6 0 . 0 7 9 0 . 0 8 0 0 . 0 0 1 5 0 . 0 7 8

3 0 0 H 2 0 . 0 7 7 0 . 0 7 9 0 . 0 7 9 0 . 0 7 6 0 . 0 7 9 0 . 0 8 0 0 . 0 0 1 5 0 . 0 7 8

3 5 0 H 2 0 . 0 7 5 0 . 0 7 5 0 . 0 7 4 0 . 0 7 5 0 . 0 7 5 0 . 0 7 6 0 . 0 0 0 6 0 . 0 7 5

4 0 0 H 2 0 . 0 7 3 0 . 0 7 2 0 . 0 7 3 0 . 0 7 3 0 . 0 7 1 0 . 0 7 3 0 . 0 0 0 8 0 . 0 7 3

4 5 0 H 2 0 . 0 7 3 0 . 0 7 2 0 . 0 7 3 0 . 0 7 3 0 . 0 7 1 0 . 0 7 3 0 . 0 0 0 8 0 . 0 7 3

5 0 0 H 2 0 . 0 7 0 0 . 0 7 1 0 . 0 7 0 0 . 0 7 1 0 . 0 7 2 0 . 0 7 1 0 . 0 0 0 8 0 . 0 7 1

5 5 0 H 2 0 . 0 6 8 0 . 0 6 8 0 . 0 7 0 0 . 0 6 8 0 . 0 6 9 0 . 0 6 8 0 . 0 0 0 8 0 . 0 6 9

6 0 0 H 2 0 . 0 6 8 0 . 0 6 8 0 . 0 7 0 0 . 0 6 8 0 . 0 6 9 0 . 0 6 8 0 . 0 0 0 8 0 . 0 6 9

6 5 0 H 2 0 . 0 6 8 0 . 0 6 8 0 . 0 7 0 0 . 0 6 8 0 . 0 6 9 0 . 0 6 8 0 . 0 0 0 8 0 . 0 6 9

7 0 0 H 2 0 . 0 6 7 0 . 0 6 7 0 . 0 6 6 0 . 0 6 6 0 . 0 6 5 0 . 0 6 6 0 . 0 0 0 8 0 . 0 6 6

7 5 0 H 2 0 . 0 6 7 0 . 0 6 7 0 . 0 6 6 0 . 0 6 6 0 . 0 6 5 0 . 0 6 6 0 . 0 0 0 8 0 . 0 6 6

8 0 0 H 2 0 . 0 6 3 0 . 0 6 4 0 . 0 6 3 0 . 0 6 4 0 . 0 6 3 0 . 0 6 3 0 . 0 0 0 5 0 . 0 6 3

8 5 0 H 2 0 . 0 6 3 0 . 0 6 4 0 . 0 6 3 0 . 0 6 4 0 . 0 6 3 0 . 0 6 3 0 . 0 0 0 5 0 . 0 6 3

9 0 0 H 2 0 . 0 6 3 0 . 0 6 4 0 . 0 6 3 0 . 0 6 4 0 . 0 6 3 0 . 0 6 3 0 . 0 0 0 5 0 . 0 6 3

9 5 0 H 2 0 . 0 6 3 0 . 0 6 4 0 . 0 6 3 0 . 0 6 4 0 . 0 6 3 0 . 0 6 3 0 . 0 0 0 5 0 . 0 6 3

1 0 0 0 H 2 0 . 0 6 3 0 . 0 6 4 0 . 0 6 3 0 . 0 6 4 0 . 0 6 3 0 . 0 6 3 0 . 0 0 0 5 0 . 0 6 3
 

A p p e n d i x H c o n t i n u e d .

4 6 9

 



 

 

 

           

T o o t h H 3 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

0 H 3 0 . 2 0 4 0 . 1 9 8 0 . 2 0 8 0 . 1 9 9 0 . 1 9 8 0 . 2 0 0 0 . 0 0 4 0 0 . 2 0 1

5 0 H 3 0 . 1 9 2 0 . 1 9 3 0 . 1 9 2 0 . 1 9 3 0 . 1 9 2 0 . 1 9 5 0 . 0 0 1 2 0 . 1 9 3

1 0 0 H 3 0 . 1 8 7 0 . 1 8 7 0 . 1 8 6 0 . 1 8 9 0 . 1 8 7 0 . 1 9 0 0 . 0 0 1 5 0 . 1 8 8

1 5 0 H 3 0 . 1 7 9 0 . 1 8 1 0 . 1 8 2 0 . 1 8 1 0 . 1 7 9 0 . 1 8 1 0 . 0 0 1 2 0 . 1 8 1

2 0 0 H 3 0 . 1 7 6 0 . 1 7 7 0 . 1 7 6 0 . 1 8 0 0 . 1 7 4 0 . 1 7 5 0 . 0 0 2 1 0 . 1 7 6

2 5 0 H 3 0 . 1 7 5 0 . 1 7 4 0 . 1 7 3 0 . 1 7 4 0 . 1 7 4 0 . 1 7 5 0 . 0 0 0 8 0 . 1 7 4

3 0 0 H 3 0 . 1 7 0 0 . 1 6 9 0 . 1 6 9 0 . 1 6 8 0 . 1 7 0 0 . 1 7 0 0 . 0 0 0 8 0 . 1 6 9

3 5 0 H 3 0 . 1 6 5 0 . 1 6 6 0 . 1 6 6 0 . 1 6 5 0 . 1 6 3 0 . 1 6 5 0 . 0 0 1 1 0 . 1 6 5

4 0 0 H 3 0 . 1 6 1 0 . 1 5 8 0 . 1 6 0 0 . 1 6 2 0 . 1 6 0 0 . 1 6 0 0 . 0 0 1 3 0 . 1 6 0

4 5 0 H 3 0 . 1 5 8 0 . 1 5 5 0 . 1 5 6 0 . 1 5 7 0 . 1 5 6 0 . 1 5 7 0 . 0 0 1 0 0 . 1 5 7

5 0 0 H 3 0 . 1 5 3 0 . 1 5 1 0 . 1 5 4 0 . 1 5 4 0 . 1 5 2 0 . 1 5 2 0 . 0 0 1 2 0 . 1 5 3

5 5 0 H 3 0 . 1 4 9 0 . 1 5 0 0 . 1 5 1 0 . 1 4 9 0 . 1 5 1 0 . 1 4 9 0 . 0 0 1 0 0 . 1 5 0

6 0 0 H 3 0 . 1 4 8 0 . 1 4 8 0 . 1 4 9 0 . 1 4 9 0 . 1 4 7 0 . 1 4 7 0 . 0 0 0 9 0 . 1 4 8

6 5 0 H 3 0 . 1 4 8 0 . 1 4 8 0 . 1 4 9 0 . 1 4 9 0 . 1 4 7 0 . 1 4 7 0 . 0 0 0 9 0 . 1 4 8

7 0 0 H 3 0 . 1 4 3 0 . 1 4 3 0 . 1 4 4 0 . 1 4 4 0 . 1 4 4 0 . 1 4 3 0 . 0 0 0 5 0 . 1 4 4

7 5 0 H 3 0 . 1 4 3 0 . 1 4 3 0 . 1 4 4 0 . 1 4 4 0 . 1 4 4 0 . 1 4 3 0 . 0 0 0 5 0 . 1 4 4

8 0 0 H 3 0 . 1 4 0 0 . 1 3 9 0 . 1 3 8 0 . 1 3 9 0 . 1 3 8 0 . 1 4 2 0 . 0 0 1 5 0 . 1 3 9

8 5 0 H 3 0 . 1 4 0 0 . 1 3 9 0 . 1 3 8 0 . 1 3 9 0 . 1 3 8 0 . 1 4 2 0 . 0 0 1 5 0 . 1 3 9

9 0 0 H 3 0 . 1 4 0 0 . 1 3 9 0 . 1 3 8 0 . 1 3 9 0 . 1 3 8 0 . 1 4 2 0 . 0 0 1 5 0 . 1 3 9

9 5 0 H 3 0 . 1 3 6 0 . 1 3 5 0 . 1 3 7 0 . 1 3 7 0 . 1 3 6 0 . 1 3 3 0 . 0 0 1 5 0 . 1 3 6

1 0 0 0 H 3 0 . 1 3 5 0 . 1 3 6 0 . 1 3 5 0 . 1 3 6 0 . 1 3 4 0 . 1 3 6 0 . 0 0 0 8 0 . 1 3 5

A p p e n d i x H c o n t i n u e d .

4 7 0

 



 

 

 

          

T o o t h A 4 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

0 A 4 0 . 1 7 5 0 . 1 7 5 0 . 1 7 2 0 . 1 7 2 0 . 1 7 3 0 . 1 7 2 0 . 0 0 1 5 0 . 1 7 3

5 0 A 4 0 . 1 7 7 0 . 1 7 6 0 . 1 7 6 0 . 1 7 7 0 . 1 7 6 0 . 1 7 6 0 . 0 0 0 5 0 . 1 7 6

1 0 0 A 4 0 . 1 7 7 0 . 1 7 6 0 . 1 7 6 0 . 1 7 7 0 . 1 7 6 0 . 1 7 6 0 . 0 0 0 5 0 . 1 7 6

1 5 0 A 4 0 . 1 7 6 0 . 1 7 7 0 . 1 7 5 0 . 1 7 7 0 . 1 7 6 0 . 1 7 5 0 . 0 0 0 9 0 . 1 7 6

2 0 0 A 4 0 . 1 7 6 0 . 1 7 3 0 . 1 7 5 0 . 1 7 5 0 . 1 7 5 0 . 1 7 5 0 . 0 0 1 0 0 . 1 7 5

2 5 0 A 4 0 . 1 7 2 0 . 1 7 3 0 . 1 7 2 0 . 1 7 3 0 . 1 7 4 0 . 1 7 4 0 . 0 0 0 9 0 . 1 7 3

3 0 0 A 4 0 . 1 7 2 0 . 1 7 3 0 . 1 7 2 0 . 1 7 3 0 . 1 7 4 0 . 1 7 4 0 . 0 0 0 9 0 . 1 7 3

3 5 0 A 4 0 . 1 7 2 0 . 1 7 3 0 . 1 7 2 0 . 1 7 3 0 . 1 7 4 0 . 1 7 4 0 . 0 0 0 9 0 . 1 7 3

4 0 0 A 4 0 . 1 7 2 0 . 1 7 3 0 . 1 7 2 0 . 1 7 3 0 . 1 7 4 0 . 1 7 4 0 . 0 0 0 9 0 . 1 7 3

4 5 0 A 4 0 . 1 7 2 0 . 1 7 3 0 . 1 7 2 0 . 1 7 3 0 . 1 7 4 0 . 1 7 4 0 . 0 0 0 9 0 . 1 7 3

5 0 0 A 4 0 . 1 7 2 0 . 1 7 3 0 . 1 7 2 0 . 1 7 3 0 . 1 7 4 0 . 1 7 4 0 . 0 0 0 9 0 . 1 7 3

5 5 0 A 4 0 . 1 7 2 0 . 1 7 3 0 . 1 7 2 0 . 1 7 3 0 . 1 7 4 0 . 1 7 4 0 . 0 0 0 9 0 . 1 7 3

6 0 0 A 4 0 . 1 7 0 0 . 1 7 1 0 . 1 6 9 0 . 1 6 9 0 . 1 7 1 0 . 1 7 0 0 . 0 0 0 9 0 . 1 7 0

6 5 0 A 4 0 . 1 7 0 0 . 1 7 1 0 . 1 6 9 0 . 1 6 9 0 . 1 7 1 0 . 1 7 0 0 . 0 0 0 9 0 . 1 7 0

7 0 0 A 4 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 7 0 0 . 0 0 0 4 0 . 1 6 9

7 5 0 A 4 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 7 0 0 . 0 0 0 4 0 . 1 6 9

8 0 0 A 4 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 7 0 0 . 0 0 0 4 0 . 1 6 9

8 5 0 A 4 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 7 0 0 . 0 0 0 4 0 . 1 6 9

9 0 0 A 4 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 7 0 0 . 0 0 0 4 0 . 1 6 9

9 5 0 A 4 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 6 9 0 . 1 7 0 0 . 0 0 0 4 0 . 1 6 9

1 0 0 0 A 4 0 . 1 6 6 0 . 1 6 6 0 . 1 6 5 0 . 1 6 8 0 . 1 6 7 0 . 1 6 6 0 . 0 0 1 0 0 . 1 6 6
 

A p p e n d i x H c o n t i n u e d .

4 7 1

 



 

 

 

          

T o o t h B 4 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

0 B 4 0 . 0 9 6 0 . 0 9 6 0 . 0 9 6 0 . 0 9 6 0 . 0 9 6 0 . 0 9 6 0 . 0 0 0 0 0 . 0 9 6

5 0 B 4 0 . 0 9 6 0 . 0 9 6 0 . 0 9 5 0 . 0 9 6 0 . 0 9 5 0 . 0 9 5 0 . 0 0 0 5 0 . 0 9 6

1 0 0 B 4 0 . 0 9 3 0 . 0 9 5 0 . 0 9 5 0 . 0 9 6 0 . 0 9 7 0 . 0 9 5 0 . 0 0 1 3 0 . 0 9 5

1 5 0 B 4 0 . 0 9 5 0 . 0 9 5 0 . 0 9 3 0 . 0 9 4 0 . 0 9 4 0 . 0 9 4 0 . 0 0 0 8 0 . 0 9 4

2 0 0 B 4 0 . 0 9 4 0 . 0 9 3 0 . 0 9 4 0 . 0 9 5 0 . 0 9 4 0 . 0 9 4 0 . 0 0 0 6 0 . 0 9 4

2 5 0 B 4 0 . 0 9 3 0 . 0 9 2 0 . 0 9 1 0 . 0 9 2 0 . 0 9 1 0 . 0 9 0 0 . 0 0 1 0 0 . 0 9 2

3 0 0 B 4 0 . 0 9 3 0 . 0 9 2 0 . 0 9 1 0 . 0 9 2 0 . 0 9 1 0 . 0 9 0 0 . 0 0 1 0 0 . 0 9 2

3 5 0 B 4 0 . 0 9 3 0 . 0 9 2 0 . 0 9 1 0 . 0 9 2 0 . 0 9 1 0 . 0 9 0 0 . 0 0 1 0 0 . 0 9 2

4 0 0 B 4 0 . 0 9 1 0 . 0 9 1 0 . 0 9 2 0 . 0 9 0 0 . 0 9 0 0 . 0 9 0 0 . 0 0 0 8 0 . 0 9 1

4 5 0 B 4 0 . 0 9 1 0 . 0 9 1 0 . 0 9 2 0 . 0 9 0 0 . 0 9 0 0 . 0 9 0 0 . 0 0 0 8 0 . 0 9 1

5 0 0 B 4 0 . 0 9 1 0 . 0 9 1 0 . 0 9 2 0 . 0 9 0 0 . 0 9 0 0 . 0 9 0 0 . 0 0 0 8 0 . 0 9 1

5 5 0 B 4 0 . 0 9 1 0 . 0 9 1 0 . 0 9 2 0 . 0 9 0 0 . 0 9 0 0 . 0 9 0 0 . 0 0 0 8 0 . 0 9 1

6 0 0 B 4 0 . 0 9 1 0 . 0 9 1 0 . 0 9 2 0 . 0 9 0 0 . 0 9 0 0 . 0 9 0 0 . 0 0 0 8 0 . 0 9 1

6 5 0 B 4 0 . 0 8 9 0 . 0 8 9 0 . 0 8 5 0 . 0 9 0 0 . 0 8 9 0 . 0 8 8 0 . 0 0 1 8 0 . 0 8 8

7 0 0 B 4 0 . 0 8 9 0 . 0 8 9 0 . 0 8 5 0 . 0 9 0 0 . 0 8 9 0 . 0 8 8 0 . 0 0 1 8 0 . 0 8 8

7 5 0 B 4 0 . 0 8 9 0 . 0 8 9 0 . 0 8 5 0 . 0 9 0 0 . 0 8 9 0 . 0 8 8 0 . 0 0 1 8 0 . 0 8 8

8 0 0 B 4 0 . 0 8 7 0 . 0 8 7 0 . 0 8 8 0 . 0 8 5 0 . 0 8 8 0 . 0 8 7 0 . 0 0 1 1 0 . 0 8 7

8 5 0 B 4 0 . 0 8 7 0 . 0 8 7 0 . 0 8 8 0 . 0 8 5 0 . 0 8 8 0 . 0 8 7 0 . 0 0 1 1 0 . 0 8 7

9 0 0 B 4 0 . 0 8 7 0 . 0 8 7 0 . 0 8 8 0 . 0 8 5 0 . 0 8 8 0 . 0 8 7 0 . 0 0 1 1 0 . 0 8 7

9 5 0 B 4 0 . 0 8 7 0 . 0 8 7 0 . 0 8 8 0 . 0 8 5 0 . 0 8 8 0 . 0 8 7 0 . 0 0 1 1 0 . 0 8 7

1 0 0 0 B 4 0 . 0 8 6 0 . 0 8 7 0 . 0 8 6 0 . 0 8 5 0 . 0 8 6 0 . 0 8 7 0 . 0 0 0 8 0 . 0 8 6
 

A p p e n d i x H c o n t i n u e d .

4 7 2

 



 

 

 

          

T o o t h C 4 , M a s s i n g

l 2 3 4 5 6 S T D E V A v e r a g e

0 C 4 0 . 1 5 6 0 . 1 5 6 0 . 1 5 6 0 . 1 6 0 0 . 1 5 7 0 . 1 5 6 0 . 0 0 1 6 0 . 1 5 7

5 0 C 4 0 . 1 6 0 0 . 1 6 0 0 . 1 6 1 0 . 1 6 2 0 . 1 6 1 0 . 1 6 1 0 . 0 0 0 8 0 . 1 6 1

1 0 0 C 4 0 . 1 6 0 0 . 1 6 0 0 . 1 6 1 0 . 1 6 2 0 . 1 6 1 0 . 1 6 1 0 . 0 0 0 8 0 . 1 6 1

1 5 0 C 4 0 . 1 5 8 0 . 1 5 9 0 . 1 5 9 0 . 1 5 8 0 . 1 6 0 0 . 1 6 0 0 . 0 0 0 9 0 . 1 5 9

2 0 0 C 4 0 . 1 5 7 0 . 1 5 8 0 . 1 5 7 0 . 1 5 8 0 . 1 5 8 0 . 1 5 7 0 . 0 0 0 5 0 . 1 5 8

2 5 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

3 0 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

3 5 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

4 0 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

4 5 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

5 0 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

5 5 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

6 0 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

6 5 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

7 0 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

7 5 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

8 0 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

8 5 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

9 0 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

9 5 0 C 4 0 . 1 5 3 0 . 1 5 6 0 . 1 5 3 0 . 1 5 4 0 . 1 5 4 0 . 1 5 7 0 . 0 0 1 6 0 . 1 5 5

1 0 0 0 C 4 0 . 1 4 9 0 . 1 5 3 0 . 1 5 2 0 . 1 5 0 0 . 1 5 0 0 . 1 5 1 0 . 0 0 1 5 0 . 1 5 1
 

A p p e n d i x H c o n t i n u e d .

4 7 3

 



 

 

 

          

T o o t h D 4 , M a s s i n g

l 2 3 4 5 6 S T D E V A v e r a g e

0 D 4 0 . 1 2 0 0 . 1 2 2 0 . 1 2 0 0 . 1 2 0 0 . 1 2 2 0 . 1 2 2 0 . 0 0 1 1 0 . 1 2 1

5 0 D 4 0 . 1 2 1 0 . 1 2 2 0 . 1 1 9 0 . 1 2 1 0 . 1 2 3 0 . 1 2 0 0 . 0 0 1 4 0 . 1 2 1

1 0 0 D 4 0 . 1 2 1 0 . 1 2 2 0 . 1 1 9 0 . 1 2 1 0 . 1 2 3 0 . 1 2 0 0 . 0 0 1 4 0 . 1 2 1

1 5 0 D 4 0 . 1 1 8 0 . 1 1 8 0 . 1 1 8 0 . 1 1 6 0 . 1 1 7 0 . 1 1 8 0 . 0 0 0 8 0 . 1 1 8

2 0 0 D 4 0 . 1 1 7 0 . 1 1 8 0 . 1 1 8 0 . 1 1 8 0 . 1 1 6 0 . 1 1 6 0 . 0 0 1 0 0 . 1 1 7

2 5 0 D 4 0 . 1 1 4 0 . 1 1 6 0 . 1 1 3 0 . 1 1 2 0 . 1 1 3 0 . 1 1 3 0 . 0 0 1 4 0 . 1 1 4

3 0 0 D 4 0 . 1 1 4 0 . 1 1 6 0 . 1 1 3 0 . 1 1 2 0 . 1 1 3 0 . 1 1 3 0 . 0 0 1 4 0 . 1 1 4

3 5 0 D 4 0 . 1 1 4 0 . 1 1 6 0 . 1 1 3 0 . 1 1 2 0 . 1 1 3 0 . 1 1 3 0 . 0 0 1 4 0 . 1 1 4

4 0 0 D 4 0 . 1 1 4 0 . 1 1 6 0 . 1 1 3 0 . 1 1 2 0 . 1 1 3 0 . 1 1 3 0 . 0 0 1 4 0 . 1 1 4

4 5 0 D 4 0 . 1 1 4 0 . 1 1 6 0 . 1 1 3 0 . 1 1 2 0 . 1 1 3 0 . 1 1 3 0 . 0 0 1 4 0 . 1 1 4

5 0 0 D 4 0 . 1 1 4 0 . 1 1 6 0 . 1 1 3 0 . 1 1 2 0 . 1 1 3 0 . 1 1 3 0 . 0 0 1 4 0 . 1 1 4

5 5 0 D 4 0 . 1 1 4 0 . 1 1 6 0 . 1 1 3 0 . 1 1 2 0 . 1 1 3 0 . 1 1 3 0 . 0 0 1 4 0 . 1 1 4

6 0 0 D 4 0 . 1 1 4 0 . 1 1 6 0 . 1 1 3 0 . 1 1 2 0 . 1 1 3 0 . 1 1 3 0 . 0 0 1 4 0 . 1 1 4

6 5 0 D 4 0 . 1 1 4 0 . 1 1 6 0 . 1 1 3 0 . 1 1 2 0 . 1 1 3 0 . 1 1 3 0 . 0 0 1 4 0 . 1 1 4

7 0 0 D 4 0 . 1 1 2 0 . 1 1 2 0 . 1 1 4 0 . 1 1 2 0 . 1 1 2 0 . 1 1 1 0 . 0 0 1 0 0 . 1 1 2

7 5 0 D 4 0 . 1 1 2 0 . 1 1 2 0 . 1 1 4 0 . 1 1 2 0 . 1 1 2 0 . 1 1 1 0 . 0 0 1 0 0 . 1 1 2

8 0 0 D 4 0 . 1 1 2 0 . 1 1 2 0 . 1 1 4 0 . 1 1 2 0 . 1 1 2 0 . 1 1 1 0 . 0 0 1 0 0 . 1 1 2

8 5 0 D 4 0 . 1 1 2 0 . 1 1 2 0 . 1 1 4 0 . 1 1 2 0 . 1 1 2 0 . 1 1 1 0 . 0 0 1 0 0 . 1 1 2

9 0 0 D 4 0 . 1 1 0 0 . 1 1 1 0 . 1 1 0 0 . 1 1 0 0 . 1 0 9 0 . 1 1 0 0 . 0 0 0 6 0 . 1 1 0

9 5 0 D 4 0 . 1 1 0 0 . 1 1 1 0 . 1 1 0 0 . 1 1 0 0 . 1 0 9 0 . 1 1 0 0 . 0 0 0 6 0 . 1 1 0

1 0 0 0 D 4 0 . 1 0 9 0 . 1 0 9 0 . 1 0 9 0 . 1 0 9 0 . 1 0 9 0 . 1 0 9 0 . 0 0 0 0 0 . 1 0 9
 

A p p e n d i x H c o n t i n u e d .

4 7 4

 



 

 

 

          

T o o t h E 4 , M a s s i n g

l 2 3 4 5 6 S T D E V A v e r a g e

0 E 4 0 . 1 1 4 0 . 1 1 7 0 . 1 1 7 0 . 1 1 7 0 . 1 1 7 0 . 1 1 7 0 . 0 0 1 2 0 . 1 1 7

5 0 E 4 0 . 1 2 1 0 . 1 1 9 0 . 1 2 0 0 . 1 1 8 0 . 1 1 9 0 . 1 1 8 0 . 0 0 1 2 0 . 1 1 9

1 0 0 E 4 0 . 1 2 1 0 . 1 1 9 0 . 1 2 0 0 . 1 1 8 0 . 1 1 9 0 . 1 1 8 0 . 0 0 1 2 0 . 1 1 9

1 5 0 E 4 0 . 1 1 7 0 . 1 1 7 0 . 1 1 7 0 . 1 1 7 0 . 1 1 7 0 . 1 1 6 0 . 0 0 0 4 0 . 1 1 7

2 0 0 E 4 0 . 1 1 6 0 . 1 1 6 0 . 1 1 7 0 . 1 1 6 0 . 1 1 6 0 . 1 1 6 0 . 0 0 0 4 0 . 1 1 6

2 5 0 E 4 0 . 1 1 6 0 . 1 1 5 0 . 1 1 4 0 . 1 1 6 0 . 1 1 6 0 . 1 1 7 0 . 0 0 1 0 0 . 1 1 6

3 0 0 E 4 0 . 1 1 6 0 . 1 1 5 0 . 1 1 4 0 . 1 1 6 0 . 1 1 6 0 . 1 1 7 0 . 0 0 1 0 0 . 1 1 6

3 5 0 E 4 0 . 1 1 6 0 . 1 1 5 0 . 1 1 4 0 . 1 1 6 0 . 1 1 6 0 . 1 1 7 0 . 0 0 1 0 0 . 1 1 6

4 0 0 E 4 0 . 1 1 2 0 . 1 1 1 0 . 1 1 3 0 . 1 1 3 0 . 1 1 4 0 . 1 1 4 0 . 0 0 1 2 0 . 1 1 3

4 5 0 E 4 0 . 1 1 2 0 . 1 1 1 0 . 1 1 3 0 . 1 1 3 0 . 1 1 4 0 . 1 1 4 0 . 0 0 1 2 0 . 1 1 3

5 0 0 E 4 0 . 1 1 2 0 . 1 1 1 0 . 1 1 3 0 . 1 1 3 0 . 1 1 4 0 . 1 1 4 0 . 0 0 1 2 0 . 1 1 3

5 5 0 E 4 0 . 1 1 2 0 . 1 1 1 0 . 1 1 3 0 . 1 1 3 0 . 1 1 4 0 . 1 1 4 0 . 0 0 1 2 0 . 1 1 3

6 0 0 E 4 0 . 1 1 2 0 . 1 1 1 0 . 1 1 3 0 . 1 1 3 0 . 1 1 4 0 . 1 1 4 0 . 0 0 1 2 0 . 1 1 3

6 5 0 E 4 0 . 1 1 2 0 . 1 1 1 0 . 1 1 3 0 . 1 1 3 0 . 1 1 4 0 . 1 1 4 0 . 0 0 1 2 0 . 1 1 3

7 0 0 E 4 0 . 1 1 1 0 . 1 1 1 0 . 1 1 2 0 . 1 1 3 0 . 1 1 2 0 . 1 1 2 0 . 0 0 0 8 0 . 1 1 2

7 5 0 E 4 0 . 1 1 1 0 . 1 1 1 0 . 1 1 2 0 . 1 1 3 0 . 1 1 2 0 . 1 1 2 0 . 0 0 0 8 0 . 1 1 2

8 0 0 E 4 0 . 1 1 1 0 . 1 1 1 0 . 1 1 2 0 . 1 1 3 0 . 1 1 2 0 . 1 1 2 0 . 0 0 0 8 0 . 1 1 2

8 5 0 E 4 0 . 1 1 1 0 . 1 1 1 0 . 1 1 2 0 . 1 1 3 0 . 1 1 2 0 . 1 1 2 0 . 0 0 0 8 0 . 1 1 2

9 0 0 E 4 0 . 1 1 0 0 . 1 1 0 0 . 1 1 0 0 . 1 1 0 0 . 1 1 0 0 . 1 1 1 0 . 0 0 0 4 0 . 1 1 0

9 5 0 E 4 0 . 1 1 0 0 . 1 1 0 0 . 1 1 0 0 . 1 1 0 0 . 1 1 0 0 . 1 1 1 0 . 0 0 0 4 0 . 1 1 0

1 0 0 0 E 4 0 . 1 0 9 0 . 1 0 9 0 . 1 0 9 0 . 1 0 9 0 . 1 0 9 0 . 1 0 9 0 . 0 0 0 0 0 . 1 0 9
 

A p p e n d i x H c o n t i n u e d .

4 7 5

 



 

 

 

          

T o o t h F 4 , M a s s i n g

1 2 3 4 5 6 S T D E V A v e r a g e

0 F 4 0 . 0 8 6 0 . 0 8 8 0 . 0 8 5 0 . 0 8 5 0 . 0 8 6 0 . 0 8 6 0 . 0 0 1 1 0 . 0 8 6

5 0 F 4 0 . 0 8 4 0 . 0 8 8 0 . 0 8 5 0 . 0 8 6 0 . 0 8 6 0 . 0 8 6 0 . 0 0 1 3 0 . 0 8 6

1 0 0 F 4 0 . 0 8 4 0 . 0 8 8 0 . 0 8 5 0 . 0 8 6 0 . 0 8 6 0 . 0 8 6 0 . 0 0 1 3 0 . 0 8 6

1 5 0 F 4 0 . 0 8 6 0 . 0 8 5 0 . 0 8 5 0 . 0 8 5 0 . 0 8 4 0 . 0 8 6 0 . 0 0 0 8 0 . 0 8 5

2 0 0 F 4 0 . 0 8 4 0 . 0 8 3 0 . 0 8 3 0 . 0 8 3 0 . 0 8 2 0 . 0 8 4 0 . 0 0 0 8 0 . 0 8 3

2 5 0 F 4 0 . 0 8 7 0 . 0 8 4 0 . 0 8 7 0 . 0 8 3 0 . 0 8 3 0 . 0 8 3 0 . 0 0 2 0 0 . 0 8 5

3 0 0 F 4 0 . 0 8 7 0 . 0 8 4 0 . 0 8 7 0 . 0 8 3 0 . 0 8 3 0 . 0 8 3 0 . 0 0 2 0 0 . 0 8 5

3 5 0 F 4 0 . 0 8 7 0 . 0 8 4 0 . 0 8 7 0 . 0 8 3 0 . 0 8 3 0 . 0 8 3 0 . 0 0 2 0 0 . 0 8 5

4 0 0 F 4 0 . 0 8 0 0 . 0 8 1 0 . 0 8 3 0 . 0 8 3 0 . 0 8 2 0 . 0 8 3 0 . 0 0 1 3 0 . 0 8 2

4 5 0 F 4 0 . 0 8 0 0 . 0 8 1 0 . 0 8 3 0 . 0 8 3 0 . 0 8 2 0 . 0 8 3 0 . 0 0 1 3 0 . 0 8 2

5 0 0 F 4 0 . 0 8 0 0 . 0 8 1 0 . 0 8 3 0 . 0 8 3 0 . 0 8 2 0 . 0 8 3 0 . 0 0 1 3 0 . 0 8 2

5 5 0 F 4 0 . 0 8 0 0 . 0 8 1 0 . 0 8 3 0 . 0 8 3 0 . 0 8 2 0 . 0 8 3 0 . 0 0 1 3 0 . 0 8 2

6 0 0 F 4 0 . 0 8 0 0 . 0 8 1 0 . 0 8 3 0 . 0 8 3 0 . 0 8 2 0 . 0 8 3 0 . 0 0 1 3 0 . 0 8 2

6 5 0 F 4 0 . 0 8 0 0 . 0 8 1 0 . 0 8 3 0 . 0 8 3 0 . 0 8 2 0 . 0 8 3 0 . 0 0 1 3 0 . 0 8 2

7 0 0 F 4 0 . 0 8 0 0 . 0 8 1 0 . 0 8 3 0 . 0 8 3 0 . 0 8 2 0 . 0 8 3 0 . 0 0 1 3 0 . 0 8 2

7 5 0 F 4 0 . 0 8 0 0 . 0 8 1 0 . 0 8 3 0 . 0 8 3 0 . 0 8 2 0 . 0 8 3 0 . 0 0 1 3 0 . 0 8 2

8 0 0 F 4 0 . 0 8 0 0 . 0 8 1 0 . 0 8 3 0 . 0 8 3 0 . 0 8 2 0 . 0 8 3 0 . 0 0 1 3 0 . 0 8 2

8 5 0 F 4 0 . 0 8 0 0 . 0 8 1 0 . 0 8 3 0 . 0 8 3 0 . 0 8 2 0 . 0 8 3 0 . 0 0 1 3 0 . 0 8 2

9 0 0 F 4 0 . 0 8 0 0 . 0 8 1 0 . 0 8 3 0 . 0 8 3 0 . 0 8 2 0 . 0 8 3 0 . 0 0 1 3 0 . 0 8 2

9 5 0 F 4 0 . 0 8 0 0 . 0 8 1 0 . 0 8 3 0 . 0 8 3 0 . 0 8 2 0 . 0 8 3 0 . 0 0 1 3 0 . 0 8 2

1 0 0 0 F 4 0 . 0 8 0 0 . 0 8 1 0 . 0 8 3 0 . 0 8 3 0 . 0 8 2 0 . 0 8 3 0 . 0 0 1 3 0 . 0 8 2
 

A p p e n d i x H c o n t i n u e d .

4 7 6

 



 

T o o t h G 4 , M a s s i n g
 

 

          
 

4 7 7

1 2 3 4 5 6 S T D E V A v e r a g e

0 G 4 0 . 0 4 1 0 . 0 4 1 0 . 0 4 1 0 . 0 4 1 0 . 0 4 1 0 . 0 4 1 0 . 0 0 0 0 0 . 0 4 1

5 0 G 4 0 . 0 4 0 0 . 0 4 1 0 . 0 4 0 0 . 0 4 1 0 . 0 4 1 0 . 0 4 1 0 . 0 0 0 5 0 . 0 4 1

1 0 0 G 4 0 . 0 4 0 0 . 0 4 1 0 . 0 4 0 0 . 0 4 1 0 . 0 4 1 0 . 0 4 1 0 . 0 0 0 5 0 . 0 4 1

1 5 0 G 4 0 . 0 3 9 0 . 0 3 9 0 . 0 4 0 0 . 0 4 1 0 . 0 4 0 0 . 0 4 0 0 . 0 0 0 8 0 . 0 4 0

2 0 0 G 4 0 . 0 3 9 0 . 0 3 9 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 3 9 0 . 0 0 0 5 0 . 0 4 0

2 5 0 G 4 0 . 0 3 3 0 . 0 3 9 0 . 0 4 0 0 . 0 4 1 0 . 0 4 1 0 . 0 4 1 0 . 0 0 3 1 0 . 0 3 9

3 0 0 G 4 0 . 0 3 3 0 . 0 3 9 0 . 0 4 0 0 . 0 4 1 0 . 0 4 1 0 . 0 4 1 0 . 0 0 3 1 0 . 0 3 9

3 5 0 G 4 0 . 0 3 3 0 . 0 3 9 0 . 0 4 0 0 . 0 4 1 0 . 0 4 1 0 . 0 4 1 0 . 0 0 3 1 0 . 0 3 9

4 0 0 G 4 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 0 0 0 0 . 0 4 0

4 5 0 G 4 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 0 0 0 0 . 0 4 0

5 0 0 G 4 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 0 0 0 0 . 0 4 0

5 5 0 G 4 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 0 0 0 0 . 0 4 0

6 0 0 G 4 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 0 0 0 0 . 0 4 0

6 5 0 G 4 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 0 0 0 0 . 0 4 0

7 0 0 G 4 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 0 0 0 0 . 0 4 0

7 5 0 G 4 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 0 0 0 0 . 0 4 0

8 0 0 G 4 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 0 0 0 0 . 0 4 0

8 5 0 G 4 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 0 0 0 0 . 0 4 0

9 0 0 G 4 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 4 0 0 . 0 0 0 0 0 . 0 4 0

9 5 0 G 4 0 . 0 3 9 0 . 0 3 9 0 . 0 3 9 0 . 0 4 0 0 . 0 3 9 0 . 0 4 0 0 . 0 0 0 5 0 . 0 3 9

1 0 0 0 G 4 0 . 0 3 9 0 . 0 3 9 0 . 0 3 9 0 . 0 4 0 0 . 0 3 9 0 . 0 4 0 0 . 0 0 0 5 0 . 0 3 9

A p p e n d i x H c o n t i n u e d .

 



 

T o o t h H 4 , M a s s i n g
 

 

          

1 2 3 4 5 6 S T D E V A v e r a g e

0 H 4 0 . 1 4 3 0 . 1 4 3 0 . 1 4 4 0 . 1 4 3 0 . 1 4 3 0 . 1 4 3 0 . 0 0 0 4 0 . 1 4 3

5 0 H 4 0 . 1 4 4 0 . 1 4 4 0 . 1 4 4 0 . 1 4 5 0 . 1 4 4 0 . 1 4 4 0 . 0 0 0 4 0 . 1 4 4

1 0 0 H 4 0 . 1 4 4 0 . 1 4 4 0 . 1 4 4 0 . 1 4 5 0 . 1 4 4 0 . 1 4 4 0 . 0 0 0 4 0 . 1 4 4

1 5 0 H 4 0 . 1 4 5 0 . 1 4 1 0 . 1 4 2 0 . 1 4 2 0 . 1 4 3 0 . 1 4 3 0 . 0 0 1 4 0 . 1 4 3

2 0 0 H 4 0 . 1 4 1 0 . 1 4 0 0 . 1 4 3 0 . 1 4 2 0 . 1 4 2 0 . 1 4 1 0 . 0 0 1 0 0 . 1 4 2

2 5 0 H 4 0 . 1 3 7 0 . 1 3 7 0 . 1 3 8 0 . 1 3 7 0 . 1 4 0 0 . 1 4 2 0 . 0 0 2 1 0 . 1 3 9

3 0 0 H 4 0 . 1 3 7 0 . 1 3 7 0 . 1 3 8 0 . 1 3 7 0 . 1 4 0 0 . 1 4 2 0 . 0 0 2 1 0 . 1 3 9

3 5 0 H 4 0 . 1 3 7 0 . 1 3 7 0 . 1 3 8 0 . 1 3 7 0 . 1 4 0 0 . 1 4 2 0 . 0 0 2 1 0 . 1 3 9

4 0 0 H 4 0 . 1 3 7 0 . 1 3 7 0 . 1 3 8 0 . 1 3 7 0 . 1 4 0 0 . 1 4 2 0 . 0 0 2 1 0 . 1 3 9

4 5 0 H 4 0 . 1 3 7 0 . 1 3 7 0 . 1 3 8 0 . 1 3 7 0 . 1 4 0 0 . 1 4 2 0 . 0 0 2 1 0 . 1 3 9

5 0 0 H 4 0 . 1 3 7 0 . 1 3 7 0 . 1 3 8 0 . 1 3 7 0 . 1 4 0 0 . 1 4 2 0 . 0 0 2 1 0 . 1 3 9

5 5 0 H 4 0 . 1 3 7 0 . 1 3 6 0 . 1 3 6 0 . 1 3 7 0 . 1 3 9 0 . 1 3 7 0 . 0 0 1 1 0 . 1 3 7

6 0 0 H 4 0 . 1 3 7 0 . 1 3 6 0 . 1 3 6 0 . 1 3 7 0 . 1 3 9 0 . 1 3 7 0 . 0 0 1 1 0 . 1 3 7

6 5 0 H 4 0 . 1 3 7 0 . 1 3 6 0 . 1 3 6 0 . 1 3 7 0 . 1 3 9 0 . 1 3 7 0 . 0 0 1 1 0 . 1 3 7

7 0 0 H 4 0 . 1 3 7 0 . 1 3 6 0 . 1 3 6 0 . 1 3 7 0 . 1 3 9 0 . 1 3 7 0 . 0 0 1 1 0 . 1 3 7

7 5 0 H 4 0 . 1 3 7 0 . 1 3 6 0 . 1 3 6 0 . 1 3 7 0 . 1 3 9 0 . 1 3 7 0 . 0 0 1 1 0 . 1 3 7

8 0 0 H 4 0 . 1 3 6 0 . 1 3 5 0 . 1 3 6 0 . 1 3 6 0 . 1 3 6 0 . 1 3 6 0 . 0 0 0 4 0 . 1 3 6

8 5 0 H 4 0 . 1 3 6 0 . 1 3 5 0 . 1 3 6 0 . 1 3 6 0 . 1 3 6 0 . 1 3 6 0 . 0 0 0 4 0 . 1 3 6

9 0 0 H 4 0 . 1 3 6 0 . 1 3 5 0 . 1 3 6 0 . 1 3 6 0 . 1 3 6 0 . 1 3 6 0 . 0 0 0 4 0 . 1 3 6

9 5 0 H 4 0 . 1 3 4 0 . 1 3 5 0 . 1 3 5 0 . 1 3 7 0 . 1 3 6 0 . 1 3 5 0 . 0 0 1 0 0 . 1 3 5

1 0 0 0 H 4 0 . 1 3 3 0 . 1 3 3 0 . 1 3 4 0 . 1 3 4 0 . 1 3 3 0 . 1 3 4 0 . 0 0 0 5 0 . 1 3 4
 

A p p e n d i x H c o n t i n u e d .

4 7 8

 



A P P E N D I X I

S I G N I F I C A N C E C O R R E L A T I O N F O R T A P H O N O M Y

4 7 9



L i n e a r R e g r e s s i o n

 

        

2
E q u a t i o n m R R d f

A l y = - 0 . 0 0 2 3 x + 1 7 . 0 6 8 - 0 . 0 0 2 3 0 . 9 5 9 4 0 . 9 7 9 4 9 2 3

A 2 y = - 0 . 0 0 4 6 x + 1 8 . 9 2 6 - 0 . 0 0 4 6 0 . 8 1 4 8 0 . 9 0 2 6 6 3 2 3

A 3 y = - 0 . 0 0 2 4 x + 1 2 . 6 5 3 - 0 . 0 0 2 4 0 . 8 2 7 3 0 . 9 0 9 5 6 2 3

B 1 = - 0 . 0 0 1 4 x + 7 . 9 3 4 3 - 0 . 0 0 1 4 0 . 8 9 7 5 0 . 9 4 7 3 6 5 2 3

B 2 y = — 0 . 0 0 2 6 x + 1 2 . 5 5 9 - 0 . 0 0 2 6 0 . 8 6 1 7 0 . 9 2 8 2 7 8 2 3

B 3 y = - 0 . 0 0 2 7 x + 9 . 7 4 8 9 - 0 . 0 0 2 7 0 . 9 1 0 6 0 . 9 5 4 2 5 4 2 3

C ] y = - 0 . 0 0 2 7 x + 1 4 . 2 5 5 - 0 . 0 0 2 7 0 . 8 6 4 5 0 . 9 2 9 7 8 5 2 3

C 2 y = - 0 . 0 0 2 2 x + 1 1 . 9 6 4 - 0 . 0 0 2 2 0 . 8 3 7 5 0 . 9 1 5 1 5 2 3

C 3 y = - 0 . 0 0 0 2 x + 1 3 . 4 7 3 - 0 . 0 0 0 2 0 . 7 8 4 8 0 . 8 8 5 8 8 9 2 3

D 1 y = — 0 . 0 0 2 5 x + 1 2 . 0 1 3 - 0 . 0 0 2 5 0 . 8 2 4 1 0 . 9 0 7 8 2 3

D 2 y = - 0 . 0 0 2 2 x + 1 0 . 0 5 1 - 0 . 0 0 2 2 0 . 7 9 1 9 0 . 8 8 9 8 8 8 2 3

D 3 y = — 0 . 0 0 2 8 x + 1 6 . 6 8 9 - 0 . 0 0 2 8 0 . 5 7 7 2 0 . 7 5 9 7 3 7 2 3

E 1 y = - 0 . 0 0 2 1 x + 1 3 . 7 5 7 - 0 . 0 0 2 1 0 . 6 6 5 9 0 . 8 1 6 0 2 7 2 3

E 2 y = - 0 . 0 0 4 x + 1 6 . 3 7 - 0 . 0 0 4 0 . 7 7 5 4 0 . 8 8 0 5 6 8 2 3

E 3 y = - 0 . 0 0 3 1 x + 1 6 . 2 9 - 0 . 0 0 3 1 0 . 7 4 1 9 0 . 8 6 1 3 3 6 2 3

F 1 y = - 0 . 0 0 1 8 x + 1 0 . 0 8 1 - 0 . 0 0 1 8 0 . 8 7 9 7 0 . 9 3 7 9 2 3 2 3

F 2 y = - 0 . 0 0 2 5 x + 1 4 . 6 5 1 - 0 . 0 0 2 5 0 . 7 4 1 7 0 . 8 6 1 2 2 2 3

F 3 y = - 0 . 0 0 5 1 x + 1 1 . 4 5 1 - 0 . 0 0 1 5 0 . 8 2 3 4 0 . 9 0 7 4 1 4 2 3

G 1 y = - 0 . 0 0 1 9 x + 1 2 . 0 7 2 - 0 . 0 0 1 9 0 . 8 5 6 8 0 . 9 2 5 6 3 5 2 3

G 2 y = - 0 . 0 0 3 4 x + 1 3 . 5 9 9 - 0 . 0 0 3 4 0 . 8 5 2 7 0 . 9 2 3 4 1 8 2 3

G 3 y = - 0 . 0 0 2 9 x + 1 3 . 6 7 - 0 . 0 0 2 9 0 . 8 6 8 3 0 . 9 3 1 8 2 6 2 3

H 1 y = - 0 . 0 0 2 1 x + 1 0 . 9 8 - 0 . 0 0 2 1 0 . 7 7 9 0 . 8 8 2 6 1 2 3

H 2 y = - 0 . 0 0 2 2 x + 1 1 . 0 7 4 - 0 . 0 0 2 2 0 . 9 0 9 5 0 . 9 5 3 6 7 7 2 3

H 3 y = - 0 . 0 0 3 2 x + 1 3 . 8 8 5 - 0 . 0 0 3 2 0 . 8 6 5 6 0 . 9 3 0 3 7 6 2 3

A v e r a g e - 0 . 0 0 2 4 7 1 0 . 8 2 1 3 0 . 9 0 5 0 7 9

A l l S i g n i fi c a n t a t 9 9 %

A p p e n d i x I : D a t a f o r c o r r e l a t i o n f o r S h a r k ( C a r c h a r i a s t a u r u s ) t o o t h h e i g h t l o s s .

4 8 0



E x p o n e n t i a l R e g r e s s i o n

 

        

2
E q u a t i o n " R R ( i f

A 1 y = 2 1 . 0 7 1 x " - 0 . 0 4 7 3 A - 0 . 0 4 7 3 0 . 9 2 5 3 0 . 9 6 1 9 2 5 2 3

A 2 y = 2 7 . 8 1 2 x " - 0 . 0 8 7 9 A - 0 . 0 8 7 9 0 . 9 8 3 1 0 . 9 9 1 5 1 4 2 3

A 3 y = 1 6 . 9 2 1 x " - 0 . 0 6 9 9 A - 0 . 0 6 9 9 0 . 9 8 4 3 0 . 9 9 2 1 1 9 2 3

B 1 y = 1 0 . 3 7 1 x " - 0 . 0 6 1 4 A - 0 . 0 6 1 4 0 . 9 3 1 8 0 . 9 6 5 2 9 8 2 3

B 2 y = 1 7 . 1 8 2 " - 0 . 0 7 2 A - 0 . 0 7 2 0 . 9 6 7 1 0 . 9 8 3 4 1 2 2 3

B 3 y = 1 5 . 4 8 1 x " - 0 . 1 0 4 A - 0 . 1 0 4 0 . 9 5 5 9 0 . 9 7 7 7 0 1 2 3

C l y = 1 9 . 0 1 6 x " - 0 . 0 6 6 2 A - 0 . 0 6 6 2 0 . 9 6 6 2 0 . 9 8 2 9 5 5 2 3

C 2 y = 1 5 . 9 0 5 x " - 0 . 0 6 5 3 A - 0 . 0 6 5 3 0 . 9 8 1 6 0 . 9 9 0 7 5 7 2 3

C 3 y = 1 6 . 3 9 x " - 0 . 0 4 6 8 A - 0 . 0 4 6 8 0 . 9 6 6 9 0 . 9 8 3 3 1 1 2 3

D 1 y = 1 6 . 3 8 3 x " - 0 . 0 7 1 6 A - 0 . 0 7 1 6 0 . 9 8 0 9 0 . 9 9 0 4 0 4 2 3

D 2 y = 1 3 . 7 2 5 x " 0 . 0 7 3 A - 0 . 0 7 3 0 . 9 7 5 7 0 . 9 8 7 7 7 5 2 3

D 3 y = 2 0 . 6 8 4 x " - 0 . 0 5 2 8 A - 0 . 0 5 2 8 0 . 9 6 6 5 0 . 9 8 3 1 0 7 2 3

E l y = 1 6 . 4 1 4 x " - 0 . 0 4 4 7 A - 0 . 0 4 4 7 0 . 9 6 4 9 0 . 9 8 2 2 9 3 2 3

E 2 y = 2 3 . 4 8 4 x " - 0 . 0 8 8 6 A - 0 . 0 8 8 6 0 . 9 8 3 2 0 . 9 9 1 5 6 4 2 3

E 3 y = 2 1 . 0 0 5 x " - 0 . 0 6 1 2 A - 0 . 0 6 1 2 0 . 9 6 4 4 0 . 9 8 2 0 3 9 2 3

F 1 y = 1 3 . 2 6 7 x " - 0 . 0 6 2 7 A - 0 . 0 6 2 7 0 . 9 7 0 1 0 . 9 8 4 9 3 7 2 3

F 2 y = 1 8 . 5 9 8 x " — 0 . 0 5 7 A - 0 . 0 5 7 0 . 9 9 0 3 0 . 9 9 5 1 3 8 2 3

F 3 y = 1 3 . 8 8 x " - 0 . 0 4 4 9 A - 0 . 0 4 4 9 0 . 9 6 8 0 . 9 8 3 8 7 2 3

G 1 y = 1 5 . 2 7 3 x " - 0 . 0 5 4 5 A - 0 . 0 5 4 5 0 . 9 5 9 9 0 . 9 7 9 7 4 5 2 3

G Z y = 2 0 . 4 0 8 x " - 0 . 0 9 2 5 A - 0 . 0 9 2 5 0 . 9 7 9 4 0 . 9 8 9 6 4 6 2 3

G 3 y = 1 9 . 1 9 7 x " - 0 . 0 7 6 8 “ - 0 . 0 7 6 8 0 . 9 8 1 4 0 . 9 9 0 6 5 6 2 3

H 1 y = 1 4 . 2 8 8 x " - 0 . 0 6 2 4 A - 0 . 0 6 2 4 0 . 9 7 4 6 0 . 9 8 7 2 1 8 2 3

H 2 y = 1 5 . 3 7 4 x " - 0 . 0 7 3 6 A - 0 . 0 0 7 3 6 0 . 9 6 3 0 . 9 8 1 3 2 6 2 3

H 3 y = 2 0 . 1 3 9 x " - 0 . 0 8 4 5 A - 0 . 0 0 8 4 5 0 . 9 6 8 1 0 . 9 8 3 9 2 1 2 3

A v e r a g e # D I V / O ! 0 . 9 6 8 8 5 8 3 3 0 . 9 8 4 2 7 6

A l l S i g n i fi c a n t a t 9 9 %

A p p e n d i x I c o n t i n u e d : D a t a f o r c o r r e l a t i o n f o r s h a r k ( C a r c h a r i a s t a u r u s ) t o o t h h e i g h t
l o s s .

4 8 1



L i n e a r R e g r e s s i o n

2

 

       
A p p e n d i x I c o n t i n u e d : D a t a f o r c o r r e l a t i o n f o r S h a r k ( C a r c h a r i a s t a u r u s ) t o o t h w i d t h
l o s s .

E q u a t i o n m R R ( i f

A 1 y = — 0 . 0 0 1 x + 8 . 3 8 2 7 - 0 . 0 0 1 0 . 9 6 5 1 0 . 9 8 2 3 9 5 2 3

A 2 y = - 0 . 0 0 4 9 x + 1 1 . 3 5 4 - 0 . 0 0 4 9 0 . 8 4 4 8 0 . 9 1 9 1 3 2 3

A 3 y = - 0 . 0 0 3 3 x + 1 0 . 6 1 3 - 0 . 0 0 3 3 0 . 7 7 7 1 0 . 8 8 1 5 3 3 2 3

B 1 y = - 0 . 0 0 0 8 x + 6 . 5 8 1 7 - 0 . 0 0 0 8 0 . 8 8 8 1 0 . 9 4 2 3 9 1 2 3

B 2 y = - 0 . 0 0 2 x + 1 0 . 2 2 8 - 0 . 0 0 2 0 . 6 1 8 9 0 . 7 8 6 7 0 2 2 3

B 3 y = - 0 . 0 0 3 6 x + 8 . 9 3 7 - 0 . 0 0 3 6 0 . 9 0 1 4 0 . 9 4 9 4 2 1 2 3

C 1 y = - 0 . 0 0 1 1 x + 3 . 5 7 9 1 - 0 . 0 0 1 1 0 . 9 5 9 3 0 . 9 7 9 4 3 9 2 3

C 2 y = - 0 . 0 0 2 6 x + 1 0 . 7 6 9 - 0 . 0 0 2 6 0 . 8 7 2 9 0 . 9 3 4 2 9 1 2 3

C 3 y = - 0 . 0 0 5 5 x + 1 1 . 3 1 8 - 0 . 0 0 5 5 0 . 8 7 0 8 0 . 9 3 3 1 6 7 2 3

D 1 y = - 0 . 0 0 3 8 x + 9 . 1 3 4 4 - 0 . 0 0 3 8 0 . 7 8 7 6 0 . 8 8 7 4 6 8 2 3

D 2 y = - 0 . 0 0 2 x + 9 . 7 2 9 4 - 0 . 0 0 2 0 . 7 6 2 3 0 . 8 7 3 0 9 8 2 3

D 3 = - 0 . 0 0 2 8 x + 1 0 . 5 0 5 - 0 . 0 0 2 8 0 . 6 2 3 6 0 . 7 8 9 6 8 3 2 3

E ] y = - 0 . 0 0 0 6 x + 2 . 3 6 7 6 - 0 . 0 0 0 6 0 . 6 8 3 6 0 . 8 2 6 8 0 1 2 3

E 2 y = - 0 . 0 0 2 3 x + 6 . 3 0 1 9 - 0 . 0 0 2 3 0 . 7 1 0 6 0 . 8 4 2 9 7 1 2 3

E 3 y = - 0 . 0 0 2 1 x + 9 . 5 2 7 4 - 0 . 0 0 2 1 0 . 6 0 0 8 0 . 7 7 5 1 1 3 2 3

F 1 y = - 0 . 0 0 2 x + 8 . 2 9 8 3 - 0 . 0 0 2 0 . 8 1 0 1 0 . 9 0 0 0 5 6 2 3

F 2 y = - 0 . 0 0 3 3 x + 1 0 . 2 8 8 - 0 . 0 0 3 3 0 . 7 4 5 4 0 . 8 6 3 3 6 6 2 3

F 3 y = - 0 . 0 0 1 2 x + 9 . 3 8 5 6 - 0 . 0 0 1 2 0 . 6 3 2 6 0 . 7 9 5 3 6 2 2 3

G 1 y = - 0 . 0 0 1 8 x + 7 . 9 0 8 8 - 0 . 0 0 1 8 0 . 8 7 6 6 0 . 9 3 6 2 6 9 2 3

G 2 y = - 0 . 0 0 3 3 x + 8 . 4 9 8 - 0 . 0 0 3 3 0 . 8 1 4 2 0 . 9 0 2 3 3 2 3

G 3 y = — 0 . 0 0 3 3 x + 1 2 . 0 7 6 - 0 . 0 0 3 3 0 . 8 3 1 7 0 . 9 1 1 9 7 6 2 3

H 1 y = - 0 . 0 0 2 8 x + 7 . 5 6 3 8 - 0 . 0 0 2 8 0 . 7 2 9 9 0 . 8 5 4 3 4 2 2 3

H 2 = - 0 . 0 0 2 8 x + 1 0 . 1 4 - 0 . 0 0 2 8 0 . 9 0 6 6 0 . 9 5 2 1 5 5 2 3

H 3 y = - 0 . 0 0 4 2 x + 1 1 . 8 3 3 - 0 . 0 0 4 2 0 . 8 5 6 4 0 . 9 2 5 4 1 9 2 3

A v e r a g e - 0 . 0 0 2 6 2 9 0 . 7 9 4 6 0 . 8 8 9 3 7

A l l s i g n i fi c a n t a t 9 9 %

4 8 2

 



E x p o n e n t i a l R e g r e s s i o n

 

       
A p p e n d i x I c o n t i n u e d : D a t a f o r c o r r e l a t i o n f o r s h a r k ( C a r c h a r i a s t a u r u s ) t o o t h w i d t h

l o s s .

2
E q u a t i o n “ R R ( i f

A ] y = 1 0 . 1 7 8 x “ - 0 . 0 4 3 7 “ - 0 . 0 4 3 7 0 . 8 4 4 0 . 9 1 8 6 9 5 2 3

A 2 y = 2 4 . 5 3 9 x “ - 0 . 1 7 4 2 “ - 0 . 1 7 4 2 0 . 9 6 4 7 0 . 9 8 2 1 9 1 2 3

A 3 y = 1 7 . 1 1 2 x “ - 0 . 1 1 1 9 “ - 0 . 1 1 1 9 0 . 9 7 4 6 0 . 9 8 7 2 1 8 2 3

B ] y = 7 . 9 3 6 1 x “ - 0 . 0 4 3 1 “ — 0 . 0 4 3 1 0 . 9 4 2 9 0 . 9 7 1 0 3 2 3

B 2 y = 1 3 . 0 5 6 x “ - 0 . 0 6 0 4 “ - 0 . 0 6 0 4 0 . 9 9 7 7 0 . 9 9 8 8 4 9 2 3

B 3 y = 1 7 . 7 1 7 x “ - 0 . 1 5 5 4 “ - 0 . 1 5 5 4 0 . 8 8 4 0 . 9 4 0 2 1 3 2 3

C 1 y = 6 . 0 8 1 3 x “ - 0 . 1 1 7 3 “ - 0 . 1 1 7 3 0 . 8 9 8 2 0 . 9 4 7 7 3 4 2 3

C 2 y = 1 5 . 6 8 3 x “ - 0 . 0 8 6 “ - 0 . 0 8 6 0 . 9 6 2 7 0 . 9 8 1 1 7 3 2 3

C 3 y = 2 6 . 3 6 x “ - 0 . 1 9 3 2 “ - 0 . 1 9 3 2 0 . 8 0 4 5 0 . 8 9 6 9 3 9 2 3

D 1 y = 1 7 . 7 0 4 x “ - 0 . 1 5 4 8 “ - 0 1 5 . 4 8 0 . 9 3 5 9 0 . 9 6 7 4 1 9 2 3

D 2 y = 1 2 . 7 5 8 x “ - 0 . 0 6 5 9 “ - 0 . 0 6 5 9 0 . 9 2 6 6 0 . 9 6 2 6 0 1 2 3

D 3 y = 1 5 . 2 0 9 x “ - 0 . 0 9 8 2 “ - 0 . 0 9 8 2 0 . 9 9 2 9 0 . 9 9 6 4 4 4 2 3

E 1 y = 3 . 4 6 3 x “ - 0 . 0 8 9 8 “ - 0 . 0 8 9 8 0 . 9 7 0 3 0 . 9 8 5 0 3 8 2 3

E 2 y = 1 1 . 2 7 2 x “ - 0 . 1 3 4 4 “ - 0 . 1 3 4 4 0 . 9 7 3 2 0 . 9 8 6 5 0 9 2 3

E 3 y = 1 2 . 2 0 9 x “ - 0 . 0 6 3 8 “ - 0 . 0 6 3 8 0 . 9 4 5 0 . 9 7 2 1 1 ] 2 3

F 1 y = 1 2 . 0 8 3 x “ - 0 . 0 8 6 5 “ - 0 . 0 8 6 5 0 . 9 8 1 2 0 . 9 9 0 5 5 5 2 3

F 2 y = 1 6 . 7 6 4 x “ - 0 . 1 1 4 9 “ - 0 . 1 1 4 9 0 . 9 8 5 4 0 . 9 9 2 6 7 3 2 3

F 3 y = 1 0 . 8 7 1 x “ - 0 . 0 3 6 6 “ - 0 . 0 3 6 6 0 . 9 8 9 0 . 9 9 4 4 8 5 2 3

6 1 y = 1 1 . 1 4 9 x “ - 0 . 0 7 8 7 “ - 0 . 0 7 8 7 0 . 9 5 0 5 0 . 9 7 4 9 3 6 2 3

G Z y = 1 6 . 5 8 2 x “ - 0 . 1 5 2 1 “ - 0 . 1 5 2 1 0 . 9 8 1 2 0 . 9 9 0 5 5 5 2 3

G 3 y = 1 8 . 8 2 8 x “ - 0 . 1 0 1 5 “ - 0 . 1 0 1 5 0 . 9 8 1 9 0 . 9 9 0 9 0 9 2 3

H ] y = 1 3 . 2 3 3 x “ - 0 . 1 3 2 “ - 0 . 1 3 2 0 . 9 8 4 9 0 . 9 9 2 4 2 1 2 3

H 2 y = 1 6 . 0 9 1 x “ - 0 . 1 0 4 2 “ - 0 . 1 0 4 2 0 . 9 4 9 6 0 . 9 7 4 4 7 4 2 3

H 3 y = 2 1 . 3 2 1 x “ - 0 . 1 3 4 2 “ - 0 . 1 3 4 2 0 . 9 5 7 3 0 . 9 7 8 4 1 7 2 3

A v e r a g e # D I V / O ! 0 . 9 4 9 0 9 1 6 7 0 . 9 7 3 9

A l l s i g n i fi c a n t a t 9 9 %

4 8 3

 



L i n e a r R e g r e s s i o n

 

2
E q u a t i o n m R R ( i f

A 1 y = - 0 . 0 0 0 1 x + 0 . 3 1 8 4 - 1 . 0 0 E - 0 4 0 . 9 6 5 8 0 . 9 8 2 7 5 1 2 3

A 2 y = - 7 E - 0 6 x + 0 . 1 3 7 2 - 7 . 0 0 E - 0 6 0 . 5 2 7 1 0 . 7 2 6 0 1 7 2 3

A 3 y = - 4 E - 0 5 x + 0 . 1 2 0 6 - 4 . 0 0 E - 0 5 0 . 9 1 9 1 0 . 9 5 8 6 9 7 2 3

B I y = - 9 E - 0 6 x + 0 . 0 4 1 3 - 9 . 0 0 E - 0 6 0 . 8 2 9 2 0 . 9 1 0 6 0 4 2 3

B 2 y = - 4 E - 0 5 x + 0 . 1 6 7 7 - 4 . 0 0 E - 0 5 0 . 9 2 2 4 0 . 9 6 0 4 1 7 2 3

B 3 y = - 3 E - 0 5 x + 0 . 0 7 3 1 - 3 . 0 0 E - 0 5 0 . 8 9 5 5 0 . 9 4 6 3 0 9 2 3

C 1 = - 2 E - 0 5 x + 0 . 0 7 7 9 - 2 . 0 0 E - 0 5 0 . 9 1 5 2 0 . 9 5 6 6 6 1 2 3

C 2 y = - 4 E - 0 5 x + 0 . 1 3 1 1 - 4 . 0 0 E - 0 5 0 . 9 2 9 0 . 9 6 3 8 4 6 2 3

C 3 y = - 4 E - 0 5 x + 0 . 1 5 3 - 4 . 0 0 E - 0 5 0 . 8 8 3 4 0 . 9 3 9 8 9 4 2 3

D 1 y = - 3 E - 0 5 x + 0 . 0 9 4 7 - 3 . 0 0 E - 0 5 0 . 8 8 4 8 0 . 9 4 0 6 3 8 2 3

D 2 y = - 3 E - 0 5 x + 0 . 0 8 3 1 - 3 . 0 0 E - 0 5 0 . 8 7 0 4 0 . 9 3 2 9 5 2 2 3

D 3 y = - 7 E - 0 5 x + 0 . 2 6 3 6 - 7 . 0 0 E - 0 5 0 . 8 7 8 3 0 . 9 3 7 1 7 7 2 3

E 1 y = - 2 E - 0 5 x + 0 . 0 7 4 - 2 . 0 0 E - 0 5 0 . 8 7 1 4 0 . 9 3 3 4 8 8 2 3

E 2 y = - 4 E - 0 5 x + 0 . 1 5 8 9 - 4 . 0 0 E - 0 5 0 . 9 1 3 5 0 . 9 5 5 7 7 2 2 3

E 3 y = - 6 E - 0 5 x + 0 . 2 1 6 3 - 6 . 0 0 E - 0 5 0 . 8 6 0 2 0 . 9 2 7 4 7 2 3

F 1 y = - 1 E - 0 5 x + 0 . 0 6 6 9 - 1 . 0 0 E - 0 5 0 . 8 7 8 1 0 . 9 3 7 0 7 2 3

F 2 y = - 4 E - 0 5 x + 0 . 1 4 5 4 - 4 . 0 0 E - 0 5 0 . 8 5 0 8 0 . 9 2 2 3 8 8 2 3

F 3 y = - 1 E - 0 5 x + 0 . 0 9 9 8 - 1 . 0 0 E - 0 5 0 . 8 4 4 9 0 . 9 1 9 1 8 4 2 3

G 1 y = - 2 E - 0 5 x + 0 . 0 7 5 3 - 2 . 0 0 E - 0 5 0 . 9 4 4 5 0 . 9 7 1 8 5 4 2 3

G 2 y = - 3 E - 0 5 x + 0 . 1 0 6 5 - 3 . 0 0 E - 0 5 0 . 9 2 2 5 0 . 9 6 0 4 6 9 2 3

G 3 y = - 5 E - 0 5 x + 0 . 1 8 1 6 - 5 . 0 0 E - 0 5 0 . 9 5 7 6 0 . 9 7 8 5 7 2 3

H ] y = - 2 E - 0 5 x + 0 . 0 6 3 3 - 2 . 0 0 E - 0 5 0 . 8 2 0 3 0 . 9 0 5 7 0 4 2 3

H 2 y = - 3 E - 0 5 x + 0 . 0 8 7 4 - 3 . 0 0 E - 0 5 0 . 9 1 5 8 0 . 9 5 6 9 7 4 2 3

H 3 y = - 6 E - 0 5 x + 0 . 1 9 0 2 - 6 . 0 0 E - 0 5 0 . 9 4 1 7 0 . 9 7 0 4 1 2 2 3        
A v e r a g e - 3 . 5 3 E - 0 5 0 . 8 8 0 8 9 5 8 3 0 . 9 3 7 3 0 5

A 1 1 S i g n i fi c a n t a t 9 9 %

A p p e n d i x I c o n t i n u e d : D a t a f o r c o r r e l a t i o n f o r s h a r k ( C a r c h a r i a s t a u r u s ) t o o t h m a s s l o s s .

4 8 4



E x p o n e n t i a l R e g r e s s i o n

 

        

2
E q u a t i o n “ R R ( i f

A 1 y = . 1 4 9 4 x “ - 0 . 0 1 8 8 A - 0 . 0 0 . 7 6 1 9 0 . 8 7 2 8 6 9 2 3

A 2 y = . 6 0 1 3 X A - 0 . 1 3 9 4 “ - 0 . 1 3 9 5 0 . 9 2 7 1 0 . 9 6 2 8 6 2 3

A 3 y = . 2 2 1 7 X A - 0 . 1 3 5 6 A - 0 . 1 3 5 6 0 . 9 5 0 5 0 . 9 7 4 9 3 6 2 3

B I y = . 0 6 0 5 X A - 0 . 0 8 4 6 “ - 0 . 0 8 4 6 0 . 8 7 3 9 0 . 9 3 4 8 2 6 2 3

B 2 y = . 2 5 5 x “ - 0 . 0 9 3 4 A - 0 . 0 9 3 4 0 . 9 6 4 1 0 . 9 8 1 8 8 6 2 3

B 3 y = . 1 5 7 x “ - 0 . 1 7 0 5 A - 0 . 1 7 0 5 0 . 9 4 9 0 . 9 7 4 1 6 6 2 3

C I y = . 1 1 5 X A - 0 . 0 8 5 5 A - 0 . 0 8 5 5 0 . 9 5 7 6 0 . 9 7 8 5 7 2 3

C 2 y = . 2 1 3 4 x “ - 0 . 1 0 8 1 A - 0 . 1 0 8 1 0 . 9 5 4 7 0 . 9 7 7 0 8 8 2 3

C 3 y = . 2 5 0 2 x “ - 0 . 1 1 0 9 A - 0 . 1 1 0 9 0 . 9 5 9 2 0 . 9 7 9 3 8 8 2 3

D 1 y = . 1 7 7 5 x “ - 0 . 1 4 0 6 “ - 0 . 1 4 0 6 0 . 9 6 3 8 0 . 9 8 1 7 3 3 2 3

D 2 y = . 1 5 0 3 X A - 0 . 1 3 4 4 “ - 0 . 1 3 4 4 0 . 9 5 2 5 0 . 9 7 5 9 6 1 2 3

D 3 y = . 4 1 6 3 x “ - 0 . 1 0 2 8 A - 0 . 1 0 2 8 0 . 9 7 1 0 . 9 8 5 3 9 3 2 3

E 1 y = . 1 0 8 2 X A - 0 . 0 8 5 5 A - 0 . 0 8 5 5 0 . 9 7 1 3 0 . 9 8 5 5 4 6 2 3

E 2 y = . 2 5 4 7 X " - 0 . 1 0 6 1 A - 0 . 1 0 6 1 0 . 9 4 4 6 0 . 9 7 1 9 0 5 2 3

E 3 y = . 3 3 8 5 x “ - 0 . 1 0 1 “ - 0 . 1 0 1 0 . 9 8 8 0 . 9 9 3 9 8 2 2 3

F 1 y = . 0 9 7 6 x “ - 0 . 0 8 3 5 A - 0 . 0 8 3 5 0 . 9 6 4 6 0 . 9 8 2 1 4 1 2 3

F 2 y = . 2 2 9 8 x “ - 0 . 1 0 3 A - 0 . 1 0 3 0 . 9 7 8 7 0 . 9 8 9 2 9 3 2 3

F 3 y = . 1 2 1 X " - 0 . 0 4 4 1 “ - 0 . 0 4 4 1 0 . 9 3 1 0 . 9 6 4 8 8 3 2 3

G 1 y = . 1 1 0 5 X A - 0 . 0 8 4 7 A - 0 . 0 8 4 7 0 . 8 6 0 9 0 . 9 2 7 8 4 7 2 3

G 2 y = . 1 8 0 8 X A - 0 . 1 1 8 A - 0 . 1 1 8 0 . 8 9 6 6 0 . 9 4 6 8 9 2 3

G 3 y = . 2 8 9 4 X A - 0 . 1 0 2 5 A - 0 . 1 0 2 5 0 . 9 3 8 4 0 . 9 6 8 7 1 2 3

H 1 y = . 1 0 2 4 X A - 0 . 1 1 4 1 A - 0 . 1 1 4 1 0 . 9 5 5 7 0 . 9 7 7 5 9 9 2 3

H 2 y = . 1 5 6 9 X A - 0 . 1 3 0 2 A - 0 . 1 3 0 2 0 . 9 4 5 4 0 . 9 7 2 3 1 7 2 3

H 3 y = . 3 4 8 9 X A - 0 . 1 3 3 6 A - 0 . 1 3 3 6 0 . 9 4 2 9 0 . 9 7 1 0 3 2 3

A v e r a g e # D I V / 0 1 0 . 9 3 7 6 4 1 6 7 0 . 9 6 7 9 9 2

A l l S i g n i fi c a n t a t 9 9 %

A p p e n d i x I c o n t i n u e d : D a t a f o r c o r r e l a t i o n f o r s h a r k ( C a r c h a r i a s t a u r u s ) t o o t h m a s s l o s s .

4 8 5



L i n e a r R e g r e s s i o n

 

2
E q u a t i o n m R R d f

A 4 y = - 0 . 0 0 0 2 X + 3 . 4 0 0 1 - 0 . 0 0 0 2 0 . 5 1 7 0 . 7 1 9 0 2 7 7

B 4 y = - 0 . 0 0 0 3 x + 3 . 2 2 0 8 - 0 . 0 0 0 3 0 . 5 2 6 1 0 . 7 2 5 3 2 8 7

C 4 y = - 0 . 0 0 0 2 x + 3 . 1 7 2 5 - 0 . 0 0 0 2 0 . 5 2 1 5 0 . 7 2 2 1 5 7

D 4 y = - 0 . 0 0 0 3 X + 2 . 7 7 7 5 - 0 . 0 0 0 3 0 . 8 2 8 2 0 . 9 1 0 0 5 5 7

E 4 y = - 0 . 0 0 0 2 X + 2 . 9 1 8 9 - 0 . 0 0 0 2 0 . 7 7 9 2 0 . 8 8 2 7 2 3 7

F 4 y = - 0 . 0 0 0 2 x + 2 . 2 5 6 4 - 0 . 0 0 0 2 0 . 6 6 3 0 . 8 1 4 2 4 8 7

G 4 = - l E - 0 4 x + 1 . 6 0 3 5 - 1 . 0 0 E - 0 4 0 . 4 2 4 5 0 . 6 5 1 5 3 7 7

H 4 y = - 0 . 0 0 0 2 x + 3 . 4 0 2 1 - 0 . 0 0 0 2 0 . 5 7 4 8 0 . 7 5 8 1 5 6 7        
A v e r a g e - 0 . 0 0 0 2 1 3 0 . 6 0 4 2 8 7 5 0 . 7 7 2 9 0 3

A 4 , B 4 , C 4 — 9 5 %

D 4 , E 4 , F 4 - 9 9 %

G 4 - 9 0 %

H 4 - 9 8 %

A v e r a g e s i g n i fi c a n t a t 9 8 %

A p p e n d i x I c o n t i n u e d : D a t a f o r c o r r e l a t i o n f o r r a y ( R h i n o p t e r a b o n a s u s ) t o o t h h e i g h t

l o s s .

4 8 6



E x p o n e n t i a l R e g r e s s i o n

 

2
E q u a t i o n “ R R d f

A 4 y = 3 . 7 1 0 3 x “ - 0 . 0 1 9 2 “ - 0 . 0 1 9 2 0 . 7 0 8 6 0 . 8 4 1 7 8 4 7

B 4 y = 3 . 5 9 1 5 x “ - 0 . 0 2 7 “ - 0 . 0 2 7 0 . 8 6 4 0 . 9 2 9 5 1 6 7

C 4 y = 3 . 4 7 7 6 x “ - 0 . 0 2 0 2 “ - 0 . 0 2 0 2 0 . 7 7 5 8 0 . 8 8 0 7 9 5 7

D 4 y = 3 . 1 8 4 x “ - 0 . 0 3 1 8 “ - 0 . 3 1 8 0 . 9 0 6 8 0 . 9 5 2 2 6 7

E 4 y = 3 . 2 3 9 2 x “ - 0 . 0 2 4 3 “ - 0 . 0 2 4 3 0 . 8 7 8 6 0 . 9 3 7 3 3 7 7

F 4 y = 2 . 5 0 2 7 x “ - 0 . 2 3 7 “ - 0 . 2 3 7 0 . 9 0 1 6 0 . 9 4 9 5 2 6 7

G 4 y = 1 . 7 2 1 1 x “ - 0 . 0 1 7 8 “ - 0 . 0 1 7 8 0 . 7 7 4 3 0 . 8 7 9 9 4 3 7

H 4 y = 3 . 7 2 9 2 x “ - 0 . 0 2 1 1 “ - 0 . 0 2 1 1 0 . 8 8 3 1 0 . 9 3 9 7 3 4 7         
A v e r a g e # D I V / O ! 0 . 8 3 6 6 0 . 9 1 3 8 6 2

A l l s i g n i fi c a n t a t 9 9 %

A p p e n d i x I c o n t i n u e d : D a t a f o r c o r r e l a t i o n f o r r a y ( R h i n o p t e r a b o n a s u s ) t o o t h h e i g h t

l o s s .

4 8 7



L i n e a r R e g r e s s i o n

 

       

A p p e n d i x I c o n t i n u e d : D a t a f o r c o r r e l a t i o n f o r r a y ( R h i n o p t e r a b o n a s u s ) t o o t h w i d t h l o s s .

4 8 8

A 4 , B 4 , H 4 - 9 9 %

C 4 , E 4 , F 4 - 9 5 %

D 4 , 0 4 - 9 0 %

A v e r a g e - s i g n i fi c a n t a t 9 8 %

2
E q u a t i o n m R R d f

A 4 y = - 0 . 0 0 0 3 x + 1 4 . 9 0 8 - 0 . 0 0 0 3 0 . 8 1 4 7 0 . 9 0 2 6 0 7 7

B 4 y = - 0 . 0 0 0 4 x ' 1 ' 1 1 . 1 1 3 - 0 . 0 0 0 4 0 . 8 6 8 3 0 . 9 3 1 8 2 6 7

C 4 y = - 0 . 0 0 0 1 x ' 1 ' 1 3 . 6 0 6 - 0 . 0 0 0 1 0 . 5 4 4 2 0 . 7 3 7 6 9 9 7

D 4 = - 0 . 0 0 0 1 x + 1 2 . 4 2 8 - 0 . 0 0 0 1 0 . 4 6 0 2 0 . 6 7 8 3 8 7

E 4 y = - 0 . 0 0 0 1 X + 1 2 . 4 7 1 - 0 . 0 0 0 1 0 . 5 5 1 1 0 . 7 4 2 3 6 1 7

F 4 y = - 0 . 0 0 0 1 x + 1 0 . 5 2 7 - 0 . 0 0 0 1 0 . 5 4 0 3 0 . 7 3 5 0 5 1 7

G 4 y = - 0 . 0 0 0 1 x + 1 0 . 9 8 4 - 0 . 0 0 0 1 0 . 4 4 8 0 . 6 6 9 3 2 8 7

H 4 y = - 7 E - 0 5 x + 1 4 . 2 2 3 - 7 . 0 0 E - 0 5 0 . 8 0 5 1 0 . 8 9 7 2 7 4 7

A v e r a g e - 0 . 0 0 0 1 5 9 0 . 6 2 8 9 8 7 5 0 . 7 8 6 8 1 6

 



E x p o n e n t i a l R e g r e s s i o n

 

        

2
E q u a t i o n “ R R d f

A 4 y = 1 5 . 3 5 8 x “ - 0 . 0 0 6 6 “ - 0 . 0 0 6 6 0 . 8 2 3 3 0 . 9 0 7 3 5 9 7

B 4 y = 1 1 . 7 4 4 x “ - 0 . 0 1 2 2 “ - 0 . 0 1 2 2 0 . 9 2 9 8 0 . 9 6 4 2 6 1 7

C 4 y = 1 3 . 8 7 6 x “ - 0 . 0 0 4 2 “ - 0 . 0 0 4 2 0 . 7 6 9 9 0 . 8 7 7 4 3 9 7

D 4 y = 1 2 . 6 6 9 x “ - 0 . 0 0 3 9 “ - 0 . 0 0 3 9 0 . 7 2 0 5 0 . 8 4 8 8 2 3 7

E 4 y = 1 2 . 6 8 1 x “ - 0 . 0 0 3 6 “ - 0 . 0 0 3 6 0 . 7 5 2 6 0 . 8 6 7 5 2 5 7

F 4 y = 1 0 . 7 5 8 x “ - 0 . 0 0 4 7 “ - 0 . 0 0 4 7 0 . 7 3 2 0 . 8 5 5 5 7 7

G 4 y = 1 1 . 1 8 6 x “ - 0 . 0 0 4 3 “ - 0 . 0 0 4 3 0 . 6 9 2 0 . 8 3 1 8 6 5 7

H 4 y = 1 4 . 3 6 x “ - 0 . 0 0 2 “ - 0 . 0 0 2 0 . 8 8 8 2 0 . 9 4 2 4 4 4 7

A v e r a g e # D l V / O ! 0 . 7 8 8 5 3 7 5 0 . 8 8 6 9 1 1

A l l s i g n i fi c a n t a t 9 9 %

A p p e n d i x I c o n t i n u e d : D a t a f o r c o r r e l a t i o n f o r r a y ( R h i n o p t e r a b o n a s u s ) t o o t h w i d t h l o s s .

4 8 9



L i n e a r R e g r e s s i o n

 

2
E q u a t i o n m R R d f

A 4 y = - 7 E - 0 6 x + 0 . 1 7 6 - 7 . 0 0 E - 0 6 0 . 7 2 0 9 0 . 8 4 9 0 5 8 7

B 4 y = - 1 E - 0 5 x + 0 . 0 9 5 4 - 1 . 0 0 E - 0 5 0 . 9 4 9 2 0 . 9 7 4 2 6 9 7

C 4 y = - 6 E - 0 6 x + 0 . 1 5 8 2 - 6 . 0 0 E - 0 6 0 . 5 4 9 5 0 . 7 4 1 2 8 3 7

D 4 y = - l E - 0 5 x + 0 . 1 1 9 2 - 1 . 0 0 E - 0 5 0 . 8 0 2 3 0 . 8 9 5 7 1 2 7

E 4 y = - 9 E - 0 6 x + 0 . 1 1 8 - 9 . 0 0 E - 0 6 0 . 8 9 1 4 0 . 9 4 4 1 4 7

F 4 y = - 4 E - 0 6 x + 0 . 0 8 5 3 - 4 . 0 0 E - 0 6 0 . 7 1 2 4 0 . 8 4 4 0 3 8 7

G 4 y = - 5 E - 0 7 x + 0 . 0 4 0 2 - 5 . 0 0 E - 0 7 0 . 1 0 3 9 0 . 3 2 2 3 3 5 7

H 4 y = - 9 E - 0 6 x + 0 . 1 4 3 - 9 . 0 0 E - 0 6 0 . 8 6 9 8 0 . 9 3 2 6 3 1 7        
A v e r a g e - 6 . 9 4 E - 0 6 7 . 0 0 E - 0 1 0 . 8 1 2 9 3 3

A 4 , B 4 , D 4 , E 4 , F 4 , H 4 - 9 9 %

C 4 - 9 5 %

G 4 - n o t a t a l l

A v e r a g e s i g n i fi c a n t a t 9 9 %

A p p e n d i x I c o n t i n u e d : D a t a f o r c o r r e l a t i o n f o r r a y ( R h i n o p t e r a b o n a s u s ) t o o t h m a s s l o s s .

4 9 0



E x p o n e n t i a l R e g r e s s i o n

2

 

        

E q u a t i o n “ R R d f

A 4 y = . 1 9 2 1 x “ - 0 . 0 1 8 6 “ - 0 . 0 1 8 6 0 . 8 1 9 9 0 . 9 0 5 4 8 3 7

B 4 y = . 1 1 2 6 x “ - 0 . 0 3 6 8 “ - 0 . 0 3 6 8 0 . 8 8 9 7 0 . 9 4 3 2 3 9 7

C 4 y = . 1 7 1 5 x “ - 0 . 0 1 6 5 “ - 0 . 0 1 6 5 0 . 7 6 3 6 0 . 8 7 3 8 4 2 7

D 4 y = . 1 3 7 9 x “ - 0 . 0 3 1 9 “ - 0 . 0 3 1 9 0 . 8 8 2 3 0 . 9 3 9 3 0 8 7

E 4 y = . 0 1 3 5 4 x “ - 0 . 0 2 9 1 “ - 0 . 0 2 9 1 0 . 9 1 2 2 0 . 9 5 5 0 9 2 7

F 4 y = . 0 9 3 1 x “ - 0 . 0 1 9 2 “ - 0 . 0 1 9 2 0 . 7 9 7 9 0 . 8 9 3 2 5 2 7

G 4 y = . 0 4 0 9 x “ - 0 . 0 0 4 2 “ - 0 . 0 0 4 2 0 . 0 9 6 3 0 . 3 1 0 3 2 2 7

H 4 y = . l 6 x “ - 0 . 0 2 4 3 “ - 0 . 0 2 4 3 0 . 9 1 7 6 0 . 9 5 7 9 1 4 7

A v e r a g e # D I V / O ! 7 . 6 0 E - 0 1 0 . 8 4 7 3 0 7

A l l s i g n i fi c a n t a t 9 9 %

s a v e f o r G 4

A p p e n d i x 1 c o n t i n u e d : D a t a f o r c o r r e l a t i o n f o r r a y ( R h i n o p t e r a b o n a s u s ) t o o t h m a s s l o s s .

4 9 1



4 9 2

A p p e n d i x I c o n t i n u e d : R a t e o f c h a n g e i n s h a r k t o o t h h e i g h t ( L i n e a r R e g r e s s i o n ) .
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4 9 3

A p p e n d i x I c o n t i n u e d : R a t e o f c h a n g e i n s h a r k t o o t h h e i g h t ( E x p o n e n t i a l R e g r e s s i o n ) .
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4 9 4

A p p e n d i x I c o n t i n u e d : R a t e o f c h a n g e i n s h a r k t o o t h w i d t h ( L i n e a r R e g r e s s i o n ) .
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A p p e n d i x I c o n t i n u e d : R a t e o f c h a n g e i n s h a r k t o o t h w i d t h ( E x p o n e n t i a l R e g r e s s i o n ) .

4 9 5

R
a
t
e
o f
W
i
d
t
h
L
o
s
s
i n
S
h
a
r
k
T
e
e
t
h
f
r
o
m
0
t o
1
0
0
0
H
o
u
r
s
( w
i t
h
P
o
w
e
r
T
r
e
n
d
l
i
n
e
)

 

1 0 9 .
5

y=
14
.0
71
x-
0'
10
45

R 2
=
0 .
9 6
9 3

I n . 0 0
0 0

( m m ) “ 1 9 1 M

T

V ?
[ \

 
 

6.
5

 
 
 

6
r

0
2
0
0

4
0
0

6
0
0

8
0
0

1 0
0 0

T
i
m
e
(
H
o
u
r
s
)



4 9 6

A p p e n d i x I c o n t i n u e d : R a t e o f c h a n g e i n s h a r k t o o t h m a s s ( L i n e a r R e g r e s s i o n ) .
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4 9 7

A p p e n d i x I c o n t i n u e d : R a t e o f c h a n g e i n s h a r k t o o t h m a s s ( E x p o n e n t i a l R e g r e s s i o n ) .
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4 9 8

A p p e n d i x I c o n t i n u e d : R a t e o f c h a n g e i n r a y t o o t h h e i g h t ( L i n e a r R e g r e s s i o n ) .
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4 9 9

A p p e n d i x 1 c o n t i n u e d : R a t e o f c h a n g e i n r a y t o o t h h e i g h t ( E x p o n e n t i a l R e g r e s s i o n ) .
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5 0 0

A p p e n d i x I c o n t i n u e d : R a t e o f c h a n g e i n r a y t o o t h w i d t h ( L i n e a r R e g r e s s i o n ) .

( m m ) l l J P E M

R
a
t
e
of
W
i
d
t
h
L
o
s
s
in
S
h
a
r
k
T
e
e
t
h
f
r
o
m
0
to
1
0
0
0
H
o
u
r
s
(w
it
h
L
i
n
e
a
r

Tr
en
dl
in
e)

 

1 1

1 0
. 5
0

10 9 .
5  

y
=
-0
-0
02
6x
+
8.
97
17

R2
=
0.
81
41
 

 

 
 

 
 

6
1

1
1

I
f

0
2
0
0

4
0
0

6
0
0

8
0
0

l 0
0
0

T
i
m
e
(
H
o
u
r
s
)



5 0 1

A p p e n d i x 1 c o n t i n u e d : R a t e o f c h a n g e i n r a y t o o t h w i d t h ( E x p o n e n t i a l R e g r e s s i o n ) .

( m m ) I I J P I M

R
a
t
e
o f
W
i
d
t
h
L
o
s
s
i n
S
h
a
r
k
T
e
e
t
h
f
r
o
m
0
t o
1
0
0
0
H
o
u
r
s
( w
i t
h
P
o
w
e
r
T
r
e
n
d
l
i
n
e
)

 

1 0 9 .
5

7

y =
1 4
. 0
7 1
x '
o '
1 0
4 5

R 2
=
0 .
9 6
9 3

7.
5

 
6 .
5

 
 
 

6
.

.
L

.

0
2
0
0

4
0
0

6
0
0

8
0
0

1
0
0
0

T
i
m
e
(
H
o
u
r
s
)



5 0 2

A p p e n d i x 1 c o n t i n u e d : R a t e o f c h a n g e i n r a y t o o t h m a s s ( L i n e a r R e g r e s s i o n ) .

R
a
t
e
o f
L
o
s
s
i n
M
a
s
s
o f
R
a
y
T
e
e
t
h
f
r
o
m
0
t o
1
0
0
0
H
o
u
r
s
( w
i t
h
L
i
n
e
a
r
T
r
e
n
d
l
i
n
e
)

 

0 .
1 1
9 0
0

0
.
1
1
8
0
0

9
0

0 .
1 1
7 0
0
7

y
=
- 7
E -
0 6
x
+
0 .
1 1
6 9

R 2
=
0 .
8 9
3 6

0 .
1 1
6 0
0

‘

0.
11
50
0

0.
11
40
0

( 3 ) s s a w

0 .
1 1
3 0
0
7

0 .
1 1
2 0
0

0 .
1 1
1 0
0

 
0.
11
00
0

 
 
 

0.
10
9
0
0

r
r

r
r

1

0
2
0
0

4
0
0

6
0
0

80
0

10
00

T
i
m
e
(
H
o
u
r
s
)

12
00



5 0 3

A p p e n d i x I c o n t i n u e d : R a t e o f c h a n g e i n r a y t o o t h m a s s ( E x p o n e n t i a l R e g r e s s i o n ) .

R
a
t
e
of
L
o
s
s
in
M
a
s
s
of
R
a
y
T
e
e
t
h
f
r
o
m
0
to
1
0
0
0
H
o
u
r
s
(w
it
h
P
o
w
e
r
Tr
en
dl
in
e)

 

0 .
1 2
0 0
0

0 .
1 1
8 0
0

0.
11
60
0

0.
11
40
0

( 3 ) s s e w

0 .
1 1
2 0
0

“

        
0.
11
00
0
_
_  

 
 

0.
1
0
8
0
0

1
1

r

0
2
0
0

4
0
0

6
0
0

8
0
0

10
0
0

T
i
m
e
(
H
o
u
r
s
)



A P P E N D I X J

S T U D E N T ’ S t — T E S T R E S U L T S F O R T O O T H H E I G H T ,

W I D T H , A N D M A S S L O S S

5 0 4



H e i g h t S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 5 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 3 . 2 5 9 8 6 1 1 1

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 7 . 2 2 8 3 9 7 5 6 4

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 1 1 4 3 6 5 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 7 8 3 6 8 6 1 3

P ( T < = t ) o n e - t a i l 9 . 0 3 6 6 4 E - 1 1

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 8 0 7 3 3 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 0 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 2 . 8 2 0 0 6 9 4 4

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 6 . 6 7 2 0 4 3 3 5 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 8 3 0 0 3 7 7 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 1 . 2 1 4 5 1 8 9

P ( T < = t ) o n e - t a i l 4 . 2 1 4 7 2 E - 1 1

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 8 . 4 2 9 4 4 E - 1 1

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 5 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 2 . 5 2 2 0 1 3 8 9

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 6 . 1 3 1 7 2 3 4 2 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 8 0 8 5 9 6 8 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 1 . 7 9 0 4 5 6 7 9

P ( T < = t ) o n e - t a i l 1 . 5 6 9 3 9 E - 1 1

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 3 . 1 3 8 7 8 E - 1 1

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J : S t u d e n t ’ s t - T e s t r e s u l t s f o r t o o t h h e i g h t , w i d t h , a n d m a s s l o s s .

5 0 5



H e i g h t S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 2 0 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 2 . 3 3 4 6 5 2 7 8

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 8 3 4 2 8 3 0 8 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 7 9 6 6 8 7 8 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 2 . 1 5 5 0 1 5 2 1

P ( T < = t ) o n e - t a i l 8 . 5 4 9 9 5 E - 1 2

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 7 0 9 9 9 E - 1 1

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 2 5 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 2 . 1 8 7 4 3 0 5 6

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 7 3 4 0 9 8 7 8 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 7 9 2 3 8 7 2 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 2 . 7 3 7 7 3 2 6 6

P ( T < = t ) o n e - t a i l 3 . 3 2 9 1 8 E - 1 2

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 6 . 6 5 8 3 6 E - 1 2

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 3 0 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 2 . 0 9 7 0 1 3 8 9

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 7 2 8 6 3 4 7 7 8

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 7 7 5 9 2 0 3 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 1 3 . 0 3 0 4 6 3 7 1

P ( T < = t ) o n e - t a i l 2 . 0 9 8 5 E - 1 2

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 4 . 1 9 7 E - 1 2

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 0 6



H e i g h t S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 3 5 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 1 . 9 6 6 7 3 6 1 1

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 6 3 8 4 2 8 1 3 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 7 5 6 0 1 1 3 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0
d f 2 3

t S t a t 1 3 . 3 1 7 5 7 8 1 8

P ( T < = t ) o n e - t a i l 1 . 3 4 4 8 5 E - 1 2

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 6 8 9 7 E - 1 2

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 4 0 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 1 . 8 5 3 4 7 2 2 2

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 5 7 7 1 6 2 2 9 9

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 7 4 1 7 1 6 1 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0
d f 2 3

t S t a t 1 3 . 6 3 0 4 5 1 0 3

P ( T < = t ) o n e - t a i l 8 . 3 5 1 6 4 E - l 3

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 6 7 0 3 3 E - 1 2

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 4 5 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 1 . 7 3 4 7 9 1 6 7

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 4 6 6 1 0 3 9 4

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 7 1 4 2 0 8 4 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0
d f 2 3

t S t a t 1 3 . 7 1 6 8 7 7 0 1

P ( T < = t ) o n e - t a i l 7 . 3 3 2 9 4 E - 1 3

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 4 6 6 5 9 E - 1 2

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 0 7



H e i g h t S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 5 0 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 1 . 5 6 3 5 7 5 8 9

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 6 1 0 4 3 6 3 1 4

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 6 1 1 0 2 2 7 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 3 . 7 8 0 2 6 7 3 5

P ( T < = t ) o n e - t a i l 6 . 6 6 8 3 9 E - 1 3

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 3 3 3 6 8 E - 1 2

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 5 5 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 1 . 5 0 2 7 0 8 3 3

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 2 7 8 7 4 1 7 4 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 6 7 5 8 1 2 2 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 4 . 1 0 8 7 4 8 0 7

P ( T < = t ) o n e - t a i l 4 . 0 9 8 4 3 E - 1 3

1 C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 8 . 1 9 6 8 7 E - 1 3

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 6 0 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 1 . 4 0 8 9 5 8 3 3

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 2 1 3 7 8 5 7 0 4

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 6 8 0 9 4 3 0 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 4 . 4 7 9 1 9 5 8 6

P ( T < = t ) o n e - t a i l 2 . 3 9 2 7 2 E - 1 3

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 4 . 7 8 5 4 3 E - 1 3

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 0 8



H e i g h t S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 6 5 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 1 . 3 3 6 1 1 1 1 1

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 1 5 7 2 9 3 6 3 9

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 6 6 4 6 2 4 1 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 4 . 5 5 5 1 8 8 8 2

P ( T < = t ) o n e - t a i l 2 . 1 4 5 5 8 E - 1 3

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 4 . 2 9 1 1 5 E - 1 3

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 7 0 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 1 . 2 6 1 9 4 4 4 4

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 1 0 4 5 3 8 8 0 8

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 6 5 9 9 0 5 6 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0
d f 2 3

t S t a t 1 4 . 7 5 1 7 1 0 7 1

P ( T < = t ) o n e - t a i l 1 . 6 2 1 9 1 E - 1 3

1 C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 3 . 2 4 3 8 2 E - 1 3

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 7 5 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 1 . 2 0 0 5 5 5 5 6

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 1 2 4 9 9 3 6 3 9

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 6 4 9 4 3 1 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 4 . 9 8 2 1 2 5 1 4

P ( T < = t ) o n e - t a i l 1 . 1 7 2 8 1 E - l 3

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 3 4 5 6 1 E - 1 3

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 0 9



H e i g h t S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 8 0 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 1 . 1 3 0 6 9 4 4 4

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 0 8 6 6 5 6 9 8 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 6 5 3 3 5 0 0 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 5 . 2 6 3 6 7 2 5 7

P ( T < = t ) o n e - t a i l 7 . 9 3 5 5 6 E - 1 4

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 5 8 7 1 1 E - 1 3

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 8 5 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 1 . 0 6 9 0 2 7 7 8

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 0 4 9 3 6 6 4 0 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 6 4 6 9 6 8 5 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 1 5 . 4 0 9 9 2 2 3

P ( T < = t ) o n e - t a i l 6 . 4 9 3 4 1 E - 1 4

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 2 9 8 6 8 E - 1 3

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 9 0 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 1 . 0 3 3 0 5 5 5 6

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 0 6 2 1 1 9 2 4 3

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 6 4 2 8 2 2 4 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 5 . 5 6 3 2 4 9 1 5

P ( T < = t ) o n e - t a i l 5 . 2 7 0 9 3 E - 1 4

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 0 5 4 1 9 E - 1 3

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x . 1 c o n t i n u e d .

5 1 0



H e i g h t S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

0 H o u r s 9 5 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 0 . 9 8 6 0 4 1 6 7

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 0 4 6 4 4 8 0 2 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 6 5 2 4 1 5 9 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 5 . 8 3 6 7 6 9 8 8

P ( T < = t ) o n e — t a i l 3 . 6 4 8 5 9 E - 1 4

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 7 . 2 9 7 1 9 E - 1 4

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 0 0 0 H o u r s

M e a n 1 4 . 4 2 4 7 2 2 2 2 1 0 . 9 4 7 5

V a r i a n c e 9 . 3 3 5 2 6 5 1 3 7 5 . 0 3 4 2 9 6 8 6

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 6 6 1 7 1 2 3 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0
d f 2 3

t S t a t 1 6 . 0 7 7 8 8 0 1 8

P ( T < = t ) o n e - t a i l 2 . 6 4 9 7 4 E - 1 4

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 5 . 2 9 9 4 7 E - l 4

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 1 1



H e i g h t S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

5 0 H o u r s 1 0 0 H o u r s

M e a n 1 3 . 2 5 9 8 6 1 1 1 1 2 . 8 2 0 0 6 9 4 4

V a r i a n c e 7 . 2 2 8 3 9 7 5 6 4 6 . 6 7 2 0 4 3 3 5 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 7 6 5 9 5 5 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 3 1 2 9 5 0 8 8

P ( T < fi ) o n e - t a i l 2 . 1 3 0 3 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o — t a i l 4 . 2 6 0 6 1 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

1 0 0 H o u r s 1 5 0 H o u r s

M e a n 1 2 . 8 2 0 0 6 9 4 4 1 2 . 5 2 2 0 1 3 8 9

V a r i a n c e 6 . 6 7 2 0 4 3 3 5 2 6 . 1 3 1 7 2 3 4 2 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 1 4 5 1 4 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 9 . 7 6 8 9 3 0 3 7 9

P ( T < = t ) o n e - t a i l 5 . 9 3 0 5 1 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 1 8 6 1 E - 0 9

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

1 5 0 H o u r s 2 0 0 H o u r s

M e a n 1 2 . 5 2 2 0 1 3 8 9 1 2 . 3 3 4 6 5 2 7 8

V a r i a n c e 6 . 1 3 1 7 2 3 4 2 5 5 . 8 3 4 2 8 3 0 8 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 2 2 8 1 3 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 0 7 1 8 8 1 7 6 2

P ( T < = t ) o n e - t a i l 1 . 8 3 8 8 5 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 3 . 6 7 7 6 9 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x . 1 c o n t i n u e d .

5 1 2



H e i g h t S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

2 0 0 H o u r s 2 5 0 H o u r s

M e a n 1 2 . 3 3 4 6 5 2 7 8 1 2 . 1 8 7 4 3 0 5 6

V a r i a n c e 5 . 8 3 4 2 8 3 0 8 7 5 . 7 3 4 0 9 8 7 8 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 8 2 2 0 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 3 . 2 7 1 6 5 6 2 4

P ( T < = t ) o n e - t a i l 1 . 4 4 3 3 2 E - 1 2

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 8 8 6 6 3 E - 1 2

t C r i t i c a l t w o — t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

2 5 0 H o u r s 3 0 0 H o u r s

M e a n 1 2 . 1 8 7 4 3 0 5 6 1 2 . 0 9 7 0 1 3 8 9

V a r i a n c e 5 . 7 3 4 0 9 8 7 8 7 5 . 7 2 8 6 3 4 7 7 8

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 6 9 6 2 4 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 7 . 5 0 5 2 9 7 1 0 1

P ( T < = t ) o n e - t a i l 6 . 2 9 8 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 2 5 9 6 E - 0 7

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

3 0 0 H o u r s 3 5 0 H o u r s

M e a n 1 2 . 0 9 7 0 1 3 8 9 1 1 . 9 6 6 7 3 6 1 1

V a r i a n c e 5 . 7 2 8 6 3 4 7 7 8 5 . 6 3 8 4 2 8 1 3 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 8 3 3 5 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 2 . 0 1 7 5 7 0 8 7

P ( T < = t ) o n e - t a i l 1 . 0 7 3 2 8 E - 1 1

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 1 4 6 5 7 E - 1 1

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 1 3



H e i g h t S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

3 5 0 H o u r s 4 0 0 H o u r s

M e a n 1 1 . 9 6 6 7 3 6 1 1 1 1 . 8 5 3 4 7 2 2 2

V a r i a n c e 5 . 6 3 8 4 2 8 1 3 5 5 . 5 7 7 1 6 2 2 9 9

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 5 2 1 3 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0
d f 2 3

t S t a t 1 0 . 2 2 0 9 4 4 2 4

P ( T < = t ) o n e - t a i l 2 . 5 2 6 7 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 5 . 0 5 3 4 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

4 0 0 H o u r s 4 5 0 H o u r s

M e a n 1 1 . 8 5 3 4 7 2 2 2 1 1 . 7 3 4 7 9 1 6 7

V a r i a n c e 5 . 5 7 7 1 6 2 2 9 9 5 . 4 6 6 1 0 3 9 4

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 6 6 2 7 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 3 7 6 8 1 6 8 3

P ( T < = t ) o n e - t a i l 1 . 8 9 3 4 5 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 3 . 7 8 6 8 9 E - 1 0

t C r i t i c a l t w o — t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

4 5 0 H o u r s 5 0 0 H o u r s

M e a n 1 1 . 7 3 4 7 9 1 6 7 1 1 . 5 6 3 5 7 5 8 9

V a r i a n c e 5 . 4 6 6 1 0 3 9 4 5 . 6 1 0 4 3 6 3 1 4

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 8 8 4 9 5 6 5 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0
( i f 2 3

t S t a t 2 . 3 4 1 1 9 7 2 0 8

P ( T < = t ) o n e - t a i l 0 . 0 1 4 1 2 7 3

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 0 . 0 2 8 2 5 4 6

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

A p p e n d i x J c o n t i n u e d .

5 1 4



H e i g h t S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

5 0 0 H o u r s 5 5 0 H o u r s
 

 

 

M e a n 1 1 . 6 3 6 8 0 5 5 6 1 1 . 5 0 2 7 0 8 3 3

V a r i a n c e 5 . 3 3 6 0 1 7 8 5 4 5 . 2 7 8 7 4 1 7 4 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 9 8 6 7 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 3 . 7 2 3 3 9 6 1 3

P ( T < = t ) o n e - t a i l 7 . 2 6 1 5 3 E - 1 3

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 4 5 2 3 l E - 1 2

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

5 5 0 H o u r s 6 0 0 H o u r s
 

 

 

 

M e a n 1 1 . 5 0 2 7 0 8 3 3 1 1 . 4 0 8 9 5 8 3 3

V a r i a n c e 5 . 2 7 8 7 4 1 7 4 2 5 . 2 1 3 7 8 5 7 0 4

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 3 8 3 4 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 5 4 4 4 6 8 8 3

P ( T < = t ) o n e - t a i l 1 . 3 9 2 7 4 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 7 8 5 4 9 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

6 0 0 H o u r s 6 5 0 H o u r s

M e a n 1 1 . 4 0 8 9 5 8 3 3 1 1 . 3 3 6 1 1 1 1 1

V a r i a n c e 5 . 2 1 3 7 8 5 7 0 4 5 . 1 5 7 2 9 3 6 3 9

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 3 6 4 5 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 2 . 5 1 6 8 5 8 2 6

P ( T < = t ) o n e - t a i l 4 . 7 4 1 4 1 E - 1 2

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 9 . 4 8 2 8 2 E - 1 2

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 1 5



H e i g h t S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

6 5 0 H o u r s 7 0 0 H o u r s

M e a n 1 1 . 3 3 6 1 1 1 1 1 1 1 . 2 6 1 9 4 4 4 4

V a r i a n c e 5 . 1 5 7 2 9 3 6 3 9 5 . 1 0 4 5 3 8 8 0 8

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 9 9 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 6 5 5 1 9 7 6 2

P ( T < = t ) o n e - t a i l 1 . 1 3 9 0 9 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 2 7 8 1 7 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

7 0 0 H o u r s 7 5 0 H o u r s

M e a n 1 1 . 2 6 1 9 4 4 4 4 1 1 . 2 0 0 5 5 5 5 6

V a r i a n c e 5 . 1 0 4 5 3 8 8 0 8 5 . 1 2 4 9 9 3 6 3 9

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 2 6 5 8 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 8 2 8 0 6 2 9 4

P ( T < = t ) o n e - t a i l 8 . 3 4 5 8 4 E - 1 1

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 6 6 9 1 7 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

7 5 0 H o u r s 8 0 0 H o u r s

M e a n 1 1 . 2 0 0 5 5 5 5 6 1 1 . 1 3 0 6 9 4 4 4

V a r i a n c e 5 . 1 2 4 9 9 3 6 3 9 5 . 0 8 6 6 5 6 9 8 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 3 5 7 5 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 2 . 6 8 4 5 6 7 3 9

P ( T < = t ) o n e - t a i l 3 . 6 2 3 4 E - 1 2

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 7 . 2 4 6 8 E - 1 2

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 1 6



H e i g h t S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

8 0 0 H o u r s 8 5 0 H o u r s

M e a n 1 1 . 1 3 0 6 9 4 4 4 1 1 . 0 6 9 0 2 7 7 8

V a r i a n c e 5 . 0 8 6 6 5 6 9 8 5 5 . 0 4 9 3 6 6 4 0 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 4 0 6 2 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 7 . 3 6 1 6 9 0 8 5 6

P ( T < = t ) o n e - t a i l 8 . 6 6 2 9 2 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 7 3 2 5 8 E - 0 7

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

8 5 0 H o u r s 9 0 0 H o u r s

M e a n 1 1 . 0 6 9 0 2 7 7 8 1 1 . 0 3 3 0 5 5 5 6

V a r i a n c e 5 . 0 4 9 3 6 6 4 0 5 5 . 0 6 2 1 1 9 2 4 3

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 4 2 0 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 7 . 2 3 2 5 1 7 3 1 2

P ( T < = t ) o n e - t a i l 1 . 1 5 6 7 E - 0 7

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 3 1 3 3 9 E - 0 7

t C r i t i c a l t w o — t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

9 0 0 H o u r s 9 5 0 H o u r s

M e a n 1 1 . 0 3 3 0 5 5 5 6 1 0 . 9 8 6 0 4 1 6 7

V a r i a n c e 5 . 0 6 2 1 1 9 2 4 3 5 . 0 4 6 4 4 8 0 2 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 5 2 2 8 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0
d f 2 3

t S t a t 1 0 . 3 5 7 9 8 4 5

P ( T < = t ) o n e - t a i l 1 . 9 6 0 3 1 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 3 . 9 2 0 6 2 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 1 7



H e i g h t S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

9 5 0 H o u r s 1 0 0 0 H o u r s
 

 

M e a n 1 0 . 9 8 6 0 4 1 6 7 1 0 . 9 4 7 5

V a r i a n c e 5 . 0 4 6 4 4 8 0 2 2 5 . 0 3 4 2 9 6 8 6

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 8 5 7 5 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 5 . 5 4 6 1 5 5 1 9 5

P ( T < = t ) o n e - t a i l 6 . 0 8 0 9 1 E - 0 6

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 2 1 6 1 8 E - 0 5

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

A p p e n d i x J c o n t i n u e d .

5 1 8



H e i g h t R a y s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 5 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 8 8 8 3 3 3 3 3 3

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 4 1 3 5 8 5 7 1 4

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 0 5 5 8 7 5 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 3 . 0 4 2 4 0 0 1 5 6

P ( T < = t ) o n e - t a i l 0 . 0 0 9 3 9 1 6 3 2

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 1 8 7 8 3 2 6 5

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 0 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 8 3 8 3 3 3 3 3 3

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 4 1 2 8 4 0 4 7 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 0 9 2 1 2 6 8

H y p o t h e s i z e d M e a n D i f f e r e n c e - 0

d f 7

t S t a t 4 . 7 1 6 1 2 2 2 6 2

P ( T < = t ) o n e - t a i l 0 . 0 0 1 0 8 3 6 6 4

1 C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 2 1 6 7 3 2 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 5 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 7 9 1 2 5

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 8 3 5 2 3 6 1 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 5 6 5 3 5 3 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0
( i f 7

t S t a t 8 . 1 2 3 9 4 7 2 4 3

P ( T < = t ) o n e - t a i l 4 . 1 3 0 7 7 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 8 . 2 6 1 5 5 E - 0 5

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 1 9



H e i g h t R a y s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 2 0 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 7 8 6 8 7 5

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 8 0 3 4 2 4 1 1

O b s e r v a t i o n s 8 8
P e a r s o n C o r r e l a t i o n 0 . 9 9 4 1 5 0 6 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 7 . 2 8 2 3 4 2 0 7 3

P ( T < = t ) o n e - t a i l 8 . 2 6 2 6 6 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 6 5 2 5 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 2 5 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 7 4 1 0 4 1 6 6 7

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 8 2 0 7 8 8 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 1 3 0 6 9 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 7 . 3 2 1 2 7 5 6 8 7

P ( T < 4 ) o n e - t a i l 7 . 9 9 0 7 3 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 5 9 8 1 5

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 3 0 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 7 4 0 6 2 5

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 7 6 8 1 6 9 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 1 3 9 6 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 7 . 3 4 9 0 9 0 4 8

P ( T < = t ) o n e - t a i l 7 . 8 0 2 6 3 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 5 6 0 5 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 2 0



H e i g h t R a y s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 3 5 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 7 4 0 6 2 5

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 7 6 8 1 6 9 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 1 3 9 6 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 7 . 3 4 9 0 9 0 4 8

P ( T < = t ) o n e - t a i l 7 . 8 0 2 6 3 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 5 6 0 5 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 4 0 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 7 2 1 4 5 8 3 3 3

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 4 5 5 4 3 1 5

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 8 8 2 9 5 1 8 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 6 . 9 5 0 1 5 0 9 3 4

P ( T < = t ) o n e - t a i l 0 . 0 0 0 1 1 0 5 8 2

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 2 2 1 1 6 4

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 4 5 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 7 0 9 5 8 3 3 3 3

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 4 0 9 1 0 7 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 8 9 1 4 7 5 3 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0
d f 7

t S t a t 7 . 4 7 5 7 4 0 8 6 3

P ( T < = t ) o n e - t a i l 7 . 0 0 6 9 3 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 4 0 1 3 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 2 1



H e i g h t R a y s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

0 H o u r s 5 0 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 7 0 9 5 8 3 3 3 3

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 4 0 9 1 0 7 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 8 9 1 4 7 5 3 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 7 . 4 7 5 7 4 0 8 6 3

P ( T < = t ) o n e - t a i l 7 . 0 0 6 9 3 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 4 0 1 3 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 5 5 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 7 0 9 5 8 3 3 3 3

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 4 0 9 1 0 7 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 8 9 1 4 7 5 3 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0
d f 7

t S t a t 7 . 4 7 5 7 4 0 8 6 3

P ( T < = t ) o n e - t a i l 7 . 0 0 6 9 3 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 4 0 1 3 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 6 0 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 7 0 9 5 8 3 3 3 3

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 4 0 9 1 0 7 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 8 9 1 4 7 5 3 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 7 . 4 7 5 7 4 0 8 6 3

P ( T < = t ) o n e - t a i l 7 . 0 0 6 9 3 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 4 0 1 3 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

A p p e n d i x J c o n t i n u e d .

5 2 2



H e i g h t R a y s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 6 5 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 7 0 9 5 8 3 3 3 3

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 4 0 9 1 0 7 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 8 9 1 4 7 5 3 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 7 . 4 7 5 7 4 0 8 6 3

P ( T < = t ) o n e - t a i l 7 . 0 0 6 9 3 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 4 0 1 3 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 7 0 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 7 0 9 5 8 3 3 3 3

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 4 0 9 1 0 7 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 8 9 1 4 7 5 3 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 7 . 4 7 5 7 4 0 8 6 3

P ( T < = t ) o n e - t a i l 7 . 0 0 6 9 3 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 4 0 1 3 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 7 5 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 7 0 9 5 8 3 3 3 3

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 4 0 9 1 0 7 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 8 9 1 4 7 5 3 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 7 . 4 7 5 7 4 0 8 6 3

P ( T < = t ) o n e - t a i l 7 . 0 0 6 9 3 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 4 0 1 3 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 2 3



H e i g h t R a y s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 8 0 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 6 9 7 5

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 2 3 5 5 5 5 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 8 8 9 9 0 8 8 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 7 . 7 1 8 5 2 1 8 6 6

P ( T < = t ) o n e - t a i l 5 . 7 2 4 4 7 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 1 4 4 8 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 8 5 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 6 9 7 5

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 2 3 5 5 5 5 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 8 8 9 9 0 8 8 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 7 . 7 1 8 5 2 1 8 6 6

P ( T < = t ) o n e - t a i l 5 . 7 2 4 4 7 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 1 4 4 8 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 9 0 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 6 9 7 5

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 2 3 5 5 5 5 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 8 8 9 9 0 8 8 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 7 . 7 1 8 5 2 1 8 6 6

P ( T < = t ) o n e - t a i l 5 . 7 2 4 4 7 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 1 4 4 8 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 2 4



H e i g h t R a y s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

0 H o u r s 9 5 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 6 8 6 2 5

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 2 1 9 4 2 4 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 8 8 4 0 4 8 0 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 7 . 8 5 5 6 7 8 1 1 4

P ( T < = t ) o n e - t a i l 5 . 1 1 8 3 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 0 2 3 6 6

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 0 0 0 H o u r s

M e a n 2 . 9 8 4 3 7 5 2 . 6 8 3 9 5 8 3 3 3

V a r i a n c e 0 . 4 2 4 0 0 8 6 8 1 0 . 3 6 8 2 5 7 8 8 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 8 8 5 8 0 7 0 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 8 . 1 0 5 8 0 3 0 3

P ( T < = t ) o n e - t a i l 4 . 1 9 0 3 2 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 8 . 3 8 0 6 4 E - 0 5

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 2 5



H e i g h t R a y s - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

5 0 H o u r s 1 0 0 H o u r s

M e a n 2 . 8 8 8 3 3 3 3 3 3 2 . 8 3 8 3 3 3 3 3 3

V a r i a n c e 0 . 4 1 3 5 8 5 7 1 4 0 . 4 1 2 8 4 0 4 7 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 2 0 5 5 2 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 3 . 6 7 1 9 4 0 3 6 8

P ( T < = t ) o n e - t a i l 0 . 0 0 3 9 7 1 9 1 9

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 7 9 4 3 8 3 8

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

1 0 0 H o u r s 1 5 0 H o u r s

M e a n 2 . 8 3 8 3 3 3 3 3 3 2 . 7 9 1 2 5

V a r i a n c e 0 . 4 1 2 8 4 0 4 7 6 0 . 3 8 3 5 2 3 6 1 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 6 8 0 3 1 6 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 2 . 3 9 8 0 5 9 9 7 2

P ( T < = t ) o n e - t a i l 0 . 0 2 3 8 0 0 8 2 2

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 4 7 6 0 1 6 4 5

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

1 5 0 H o u r s 2 0 0 H o u r s

M e a n 2 . 7 9 1 2 5 2 . 7 8 6 8 7 5

V a r i a n c e 0 . 3 8 3 5 2 3 6 1 1 0 . 3 8 0 3 4 2 4 1 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 6 9 5 1 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t

P ( T < = t ) o n e - t a i l

t C r i t i c a l o n e - t a i l

P ( T < = t ) t w o - t a i l

t C r i t i c a l t w o - t a i l

A p p e n d i x J c o n t i n u e d .

1 . 2 0 0 2 0 9 9 6 8

0 . 1 3 4 5 4 7 7 2 4

1 . 8 9 4 5 7 7 5 0 8

0 . 2 6 9 0 9 5 4 4 7

2 . 3 6 4 6 2 2 5 6

5 2 6



H e i g h t R a y s - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

2 0 0 H o u r s 2 5 0 H o u r s

M e a n 2 . 7 8 6 8 7 5 2 . 7 4 1 0 4 1 6 6 7

V a r i a n c e 0 . 3 8 0 3 4 2 4 1 1 0 . 3 6 8 2 0 7 8 8 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 7 0 8 3 7 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 3 . 9 7 2 2 3 9 7 3 7

P ( T < = t ) o n e - t a i l 0 . 0 0 2 6 8 8 4 4 9

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 5 3 7 6 8 9 8

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

2 5 0 H o u r s 3 0 0 H o u r s

M e a n 2 . 7 4 1 0 4 1 6 6 7 2 . 7 4 0 6 2 5

V a r i a n c e 0 . 3 6 8 2 0 7 8 8 7 0 . 3 6 7 6 8 1 6 9 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 9 8 3 6 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 1

P ( T < = t ) o n e - t a i l 0 . 1 7 5 3 0 8 3 3 1

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 3 5 0 6 1 6 6 6 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

3 0 0 H o u r s 3 5 0 H o u r s

M e a n 2 . 7 4 0 6 2 5 2 . 7 4 0 6 2 5

V a r i a n c e 0 . 3 6 7 6 8 1 6 9 6 0 . 3 6 7 6 8 1 6 9 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !
 

A p p e n d i x J c o n t i n u e d .
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H e i g h t R a y s - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

3 5 0 H o u r s 4 0 0 H o u r s

M e a n 2 . 7 4 0 6 2 5 2 . 7 2 1 4 5 8 3 3 3

V a r i a n c e 0 . 3 6 7 6 8 1 6 9 6 0 . 3 6 4 5 5 4 3 1 5

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 0 4 8 8 0 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 2 . 0 4 4 3 7 2 3 3 4

P ( T < = t ) o n e - t a i l 0 . 0 4 0 0 9 6 8 6 3

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 8 0 1 9 3 7 2 6

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

4 0 0 H o u r s 4 5 0 H o u r s

M e a n 2 . 7 2 1 4 5 8 3 3 3 2 . 7 0 9 5 8 3 3 3 3

V a r i a n c e 0 . 3 6 4 5 5 4 3 1 5 0 . 3 6 4 0 9 1 0 7 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 3 1 4 6 ]

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 1 . 5 0 2 7 5 2 9 ]

P ( T < = t ) o n e - t a i l 0 . 0 8 8 3 0 2 2 7 3

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 1 7 6 6 0 4 5 4 6

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

4 5 0 H o u r s 5 0 0 H o u r s

M e a n 2 . 7 0 9 5 8 3 3 3 3 2 . 7 0 9 5 8 3 3 3 3

V a r i a n c e 0 . 3 6 4 0 9 1 0 7 1 0 . 3 6 4 0 9 1 0 7 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D l V / O !

t C r i t i c a l t w o - t a i l # D I V / O !
 

A p p e n d i x J c o n t i n u e d .

5 2 8



H e i g h t R a y s - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

5 0 0 H o u r s 5 5 0 H o u r s

M e a n 2 . 7 0 9 5 8 3 3 3 3 2 . 7 0 9 5 8 3 3 3 3

V a r i a n c e 0 . 3 6 4 0 9 1 0 7 1 0 . 3 6 4 0 9 1 0 7 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D l V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

5 5 0 H o u r s 6 0 0 H o u r s

M e a n 2 . 7 0 9 5 8 3 3 3 3 2 . 7 0 9 5 8 3 3 3 3

V a r i a n c e 0 . 3 6 4 0 9 1 0 7 1 0 . 3 6 4 0 9 1 0 7 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D l V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o — t a i l # D I V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

6 0 0 H o u r s 6 5 0 H o u r s

M e a n 2 . 7 0 9 5 8 3 3 3 3 2 . 7 0 9 5 8 3 3 3 3

V a r i a n c e 0 . 3 6 4 0 9 1 0 7 1 0 . 3 6 4 0 9 1 0 7 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / 0 !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !
 

A p p e n d i x J c o n t i n u e d .

5 2 9



H e i g h t R a y s - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

6 5 0 H o u r s 7 0 0 H o u r s

M e a n 2 . 7 0 9 5 8 3 3 3 3 2 . 7 0 9 5 8 3 3 3 3

V a r i a n c e 0 3 6 4 0 9 1 0 7 1 0 3 6 4 0 9 1 0 7 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o — t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / 0 !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

7 0 0 H o u r s 7 5 0 H o u r s

M e a n 2 . 7 0 9 5 8 3 3 3 3 2 . 6 9 7 5

V a r i a n c e 0 . 3 6 4 0 9 1 0 7 1 0 . 3 6 2 3 5 5 5 5 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 0 9 9 6 1 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 1 . 3 3 4 2 2 7 6 0 1

P ( T < = t ) o n e - t a i l 0 . 1 1 1 9 4 8 5 4 6

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 2 2 3 8 9 7 0 9 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

7 5 0 H o u r s 8 0 0 H o u r s

M e a n 2 . 6 9 7 5 2 . 6 9 7 5

V a r i a n c e 0 . 3 6 2 3 5 5 5 5 6 0 . 3 6 2 3 5 5 5 5 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !

A p p e n d i x J c o n t i n u e d .

5 3 0



H e i g h t R a y s - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

8 0 0 H o u r s 8 5 0 H o u r s

M e a n 2 . 6 9 7 5 2 . 6 9 7 5

V a r i a n c e 0 . 3 6 2 3 5 5 5 5 6 0 . 3 6 2 3 5 5 5 5 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

8 5 0 H o u r s 9 0 0 H o u r s

M e a n 2 . 6 9 7 5 2 . 6 9 7 5

V a r i a n c e 0 . 3 6 2 3 5 5 5 5 6 0 . 3 6 2 3 5 5 5 5 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

1 C r i t i c a l t w o - t a i l # D I V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

9 0 0 H o u r s 9 5 0 H o u r s

M e a n 2 . 6 8 6 2 5 2 . 6 8 3 9 5 8 3 3 3

V a r i a n c e 0 . 3 6 2 1 9 4 2 4 6 0 . 3 6 8 2 5 7 8 8 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 7 6 9 3 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 1

0 . 1 7 5 3 0 8 3 3 1

1 . 8 9 4 5 7 7 5 0 8

0 . 3 5 0 6 1 6 6 6 3
2 . 3 6 4 6 2 2 5 6

P ( T < = t ) o n e - t a i l

t C r i t i c a l o n e - t a i l

P ( T < = t ) t w o - t a i l

t C r i t i c a l t w o - t a i l

A p p e n d i x J c o n t i n u e d .

5 3 1



H e i g h t R a y s - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

9 5 0 H o u r s 1 0 0 0 h O u r s
 

 

M e a n 2 . 6 8 6 2 5 2 . 6 8 3 9 5 8 3 3 3

V a r i a n c e 0 . 3 6 2 1 9 4 2 4 6 0 . 3 6 8 2 5 7 8 8 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 7 6 9 3 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t l

P ( T < = t ) o n e - t a i l 0 . 1 7 5 3 0 8 3 3 1

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 3 5 0 6 1 6 6 6 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

A p p e n d i x J c o n t i n u e d .

5 3 2



W i d t h S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 5 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 9 . 0 6 0 6 2 5

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 5 . 9 2 0 8 3 6 4 2 8

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 8 3 0 8 2 2 0 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 9 . 6 2 1 3 2 7 0 5 8

P ( T < = t ) o n e - t a i l 7 . 8 7 8 5 5 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 5 7 5 7 1 E - 0 9

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 0 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 8 . 6 1 8 7 5

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 5 . 1 0 8 6 6 6 0 0 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 6 9 3 1 6 9 9 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 9 . 6 1 4 7 1 1 0 7 3

P ( T < = t ) o n e - t a i l 7 . 9 8 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 5 9 6 E - 0 9

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 5 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 8 . 3 3 0 4 1 6 6 6 7

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 4 . 8 0 7 8 4 2 3 3 1

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 5 9 0 0 8 6 1 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 9 . 9 6 2 7 8 0 5 2 7

P ( T < = t ) o n e - t a i l 4 . 1 0 0 7 4 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 8 . 2 0 1 4 8 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 3 3



W i d t h S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 2 0 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 8 . 1 4 8 7 5

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 4 . 5 5 5 7 3 3 8 7 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 5 3 1 8 1 1 2 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 1 4 7 3 5 1 4 7

P ( T < = t ) o n e - t a i l 2 . 8 9 8 3 4 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 5 . 7 9 6 6 8 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 2 5 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 7 . 9 9 4 9 3 0 5 5 6

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 4 . 5 2 1 0 5 3 2 5 6

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 4 8 7 9 5 6 2 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 5 5 4 1 6 3 6 3

P ( T < = t ) o n e - t a i l 1 . 3 6 8 3 7 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 7 3 6 7 3 E - 1 0

t C r i t i c a l t w o — t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 3 0 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 7 . 9 1 6 3 8 8 8 8 9

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 4 . 4 2 8 4 0 9 0 9 8

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 4 4 5 7 5 7 7 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 5 6 5 2 8 0 3

P ( T < = t ) o n e - t a i l 1 . 3 4 0 9 5 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 6 8 1 9 1 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 3 4



W i d t h S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

0 H o u r s 3 5 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 7 . 8 0 0 2 7 7 7 7 8

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 4 . 3 1 9 7 1 6 5 8 6

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 4 0 5 2 0 9 8 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 7 2 7 2 7 4 7

P ( T < = t ) o n e - t a i l 1 . 0 0 0 1 2 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 0 0 0 2 4 E - 1 0

t C r i t i c a l t w o — t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 4 0 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 7 . 6 9 3 9 5 8 3 3 3

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 4 . 2 1 3 1 8 9 0 8 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 3 7 1 1 0 5 7 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 8 7 8 3 7 2 9 2

P ( T < = t ) o n e - t a i l 7 . 6 2 8 3 9 E - 1 1

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 5 2 5 6 8 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 4 5 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 7 . 5 6 1 5 9 7 2 2 2

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 4 . 0 3 7 2 1 8 4 7 3

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 2 8 5 5 4 4 0 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 1 0 . 8 4 0 3 7 1 4

P ( T < = t ) o n e - t a i l 8 . 1 6 4 0 9 E - 1 1

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 6 3 2 8 2 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

A p p e n d i x J c o n t i n u e d .

5 3 5



W i d t h S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 5 0 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 7 . 4 5 9 0 2 7 7 7 8

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 3 . 9 3 3 9 9 1 7 6 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 2 1 7 7 2 3 2 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( I f 2 3

t S t a t 1 0 . 8 5 9 7 5 0 0 3

P ( T < = t ) o n e - t a i l 7 . 8 8 6 2 1 E - 1 l

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 5 7 7 2 4 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 5 5 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 7 . 3 0 6 0 4 1 6 6 7

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 3 . 7 9 5 9 8 8 3 6 1

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 0 1 5 3 0 9 1 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 6 1 3 4 4 3 0 7

P ( T < = t ) o n e - t a i l 1 . 2 2 8 6 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 4 5 7 2 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 6 0 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 7 . 2 0 8 8 8 8 8 8 9

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 3 . 6 8 6 5 5 9 8 2 3

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 8 8 9 9 6 1 4 2 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 1 0 . 5 2 1 6 7 0 8 5

P ( T < = t ) o n e - t a i l 1 . 4 5 1 8 6 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 9 0 3 7 2 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 3 6



W i d t h S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 6 5 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 7 . 1 3 9 5 1 3 8 8 9

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 3 . 6 5 7 4 9 7 4 5 9

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 8 8 0 6 7 2 0 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 4 8 4 3 6 2 5

P ( T < = t ) o n e - t a i l 1 . 5 5 4 2 7 E - 1 0

t C r i t i c a l o n e - t a i l ” 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 3 . 1 0 8 5 4 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 7 0 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 7 . 0 6 9 0 2 7 7 7 8

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 3 . 5 6 5 2 0 5 0 5 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 8 7 4 7 6 8 2 0 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 4 9 3 8 1 3 7 4

P ( T < = t ) o n e - t a i l 1 . 5 2 7 6 4 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 3 . 0 5 5 2 8 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 7 5 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 7 . 0 0 6 2 5

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 3 . 5 2 3 0 0 4 6 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 8 6 7 7 2 5 5 6 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 4 9 4 3 5 1 9 3

P ( T < = t ) o n e - t a i l 1 . 5 2 6 1 4 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 3 . 0 5 2 2 8 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 3 7



W i d t h S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 8 0 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 6 . 9 2 5 7 6 3 8 8 9

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 3 . 4 8 6 6 8 5 2 6 1

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 8 5 9 4 8 7 9 6 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 5 3 1 0 2 3 0 1

P ( T < = t ) o n e - t a i l 1 . 4 2 7 3 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 8 5 4 6 1 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 8 5 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 6 . 8 5 7 9 1 6 6 6 7

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 3 . 4 1 8 3 0 2 7 1 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 8 5 5 7 2 6 5 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 6 0 6 9 8 5 3

P ( T < = t ) o n e - t a i l 1 . 2 4 3 0 8 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 4 8 6 1 6 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 9 0 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 6 . 8 1 1 2 5

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 3 . 4 3 1 9 0 6 3 4 1

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 8 5 1 9 9 0 9 7 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 6 7 5 9 4 8 4 6

P ( T < = t ) o n e - t a i l 1 . 0 9 7 1 4 E - 1 0

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 1 9 4 2 8 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 3 8



W i d t h S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

0 H o u r s 9 5 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 6 . 7 5 7 6 9 4 4 4 4

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 3 . 4 6 1 4 0 2 5 9 8

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 8 4 7 8 9 3 6 6 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 7 6 6 9 8 3 2 1

P ( T < fi ) o n e - t a i l 9 . 3 1 1 7 6 E - 1 1

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 8 6 2 3 5 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 0 0 0 H o u r s

M e a n 1 0 . 4 0 8 8 8 8 8 9 6 . 7 2 4 5 6 9 4 4 4

V a r i a n c e 8 . 4 9 2 9 8 5 6 6 8 3 . 4 2 5 8 9 0 8 2 6

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 8 4 5 0 4 0 3 7 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 0 . 7 8 1 8 5 7 6 9

P ( T < = t ) o n e - t a i l 9 . 0 6 6 3 5 E - 1 1

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 8 1 3 2 7 E - 1 0

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 3 9



W i d t h S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

5 0 H o u r s 1 0 0 H o u r s

M e a n 9 . 0 6 0 6 2 5 8 . 6 1 8 7 5

V a r i a n c e 5 . 9 2 0 8 3 6 4 2 8 5 . 1 0 8 6 6 6 0 0 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 7 1 9 7 6 8 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 7 8 1 5 1 5 7 7 5

P ( T < = t ) o n e - t a i l 4 . 1 7 9 1 6 E - 0 9

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 8 . 3 5 8 3 2 E - 0 9

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

1 0 0 H o u r s 1 5 0 H o u r s

M e a n 8 . 6 1 8 7 5 8 . 3 3 0 4 1 6 6 6 7

V a r i a n c e 5 . 1 0 8 6 6 6 0 0 2 4 . 8 0 7 8 4 2 3 3 1

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 6 8 5 8 0 2 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 7 . 4 7 5 2 1 6 2 7 7

P ( T < = t ) o n e - t a i l 6 . 7 3 1 4 3 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 3 4 6 2 9 E - 0 7

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

1 5 0 H o u r s 2 0 0 H o u r s

M e a n 8 . 3 3 0 4 1 6 6 6 7 8 . 1 4 8 7 5

V a r i a n c e 4 . 8 0 7 8 4 2 3 3 1 4 . 5 5 5 7 3 3 8 7 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 0 2 5 6 1 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 7 . 9 5 5 4 7 0 3 3 3

P ( T < = t ) o n e - t a i l 2 . 3 5 9 8 1 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 4 . 7 1 9 6 3 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 4 0



W i d t h S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

2 0 0 H o u r s 2 5 0 H o u r s

M e a n 8 . 1 4 8 7 5 7 . 9 9 4 9 3 0 5 5 6

V a r i a n c e 4 . 5 5 5 7 3 3 8 7 7 4 . 5 2 1 0 5 3 2 5 6

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 1 2 7 6 1 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 4 3 3 1 2 8 7 7 9

P ( T < = t ) o n e - t a i l 8 . 5 7 7 5 9 E - 0 9

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 7 1 5 5 2 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

2 5 0 H o u r s 3 0 0 H o u r s

M e a n 7 . 9 9 4 9 3 0 5 5 6 7 . 9 1 6 3 8 8 8 8 9

V a r i a n c e 4 . 5 2 1 0 5 3 2 5 6 4 . 4 2 8 4 0 9 0 9 8

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 5 1 3 5 5 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 5 . 5 3 4 9 2 2 2 7 3

P ( T < = t ) o n e - t a i l 6 . 2 4 9 9 4 E - 0 6

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 2 4 9 9 9 E - 0 5

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

3 0 0 H o u r s 3 5 0 H o u r s

M e a n 7 . 9 1 6 3 8 8 8 8 9 7 . 8 0 0 2 7 7 7 7 8

V a r i a n c e 4 . 4 2 8 4 0 9 0 9 8 4 . 3 1 9 7 1 6 5 8 6

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 0 8 0 2 5 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 6 . 0 9 1 2 1 4 8 3 3

P ( T < = t ) o n e - t a i l 1 . 6 3 0 9 E - 0 6

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 3 . 2 6 1 8 E - 0 6

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 4 1



W i d t h S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

3 5 0 H o u r s 4 0 0 H o u r s

M e a n 7 . 8 0 0 2 7 7 7 7 8 7 . 6 9 3 9 5 8 3 3 3

V a r i a n c e 4 . 3 1 9 7 1 6 5 8 6 4 . 2 1 3 1 8 9 0 8 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 4 6 3 8 1 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 7 . 1 9 5 4 6 5 4 2 1

P ( T < = t ) o n e - t a i l 1 . 2 5 7 2 1 E - 0 7

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 5 1 4 4 3 E - 0 7

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

4 0 0 H o u r s 4 5 0 H o u r s

M e a n 7 . 6 9 3 9 5 8 3 3 3 7 . 5 6 1 5 9 7 2 2 2

V a r i a n c e 4 . 2 1 3 1 8 9 0 8 5 4 . 0 3 7 2 1 8 4 7 3

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 9 6 9 7 8 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 6 . 3 6 6 1 9 5 5 8 5

P ( T < = t ) o n e - t a i l 8 . 4 9 7 1 8 E - 0 7

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 6 9 9 4 4 E - 0 6

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

4 5 0 H o u r s 5 0 0 H o u r s

M e a n 7 . 5 6 1 5 9 7 2 2 2 7 . 4 5 9 0 2 7 7 7 8

V a r i a n c e 4 . 0 3 7 2 1 8 4 7 3 3 . 9 3 3 9 9 1 7 6 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 1 7 4 7 1 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 5 . 9 0 2 8 7 1 3 5

P ( T < = t ) o n e - t a i l 2 . 5 6 1 2 8 E - 0 6

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 5 . 1 2 2 5 7 E - 0 6

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

A p p e n d i x J c o n t i n u e d .

5 4 2



W i d t h S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

5 0 0 H o u r s 5 5 0 H o u r s

M e a n 7 . 4 5 9 0 2 7 7 7 8 7 . 3 0 6 0 4 1 6 6 7

V a r i a n c e 3 . 9 3 3 9 9 1 7 6 7 3 . 7 9 5 9 8 8 3 6 1

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 5 2 1 7 1 6 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 3 . 8 3 4 7 8 5 5 0 6

P ( T < = t ) o n e - t a i l 0 . 0 0 0 4 2 3 5 8 2

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 0 . 0 0 0 8 4 7 1 6 5

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

5 5 0 H o u r s 6 0 0 H o u r s

M e a n 7 . 3 0 6 0 4 1 6 6 7 7 . 2 0 8 8 8 8 8 8 9

V a r i a n c e 3 . 7 9 5 9 8 8 3 6 1 3 . 6 8 6 5 5 9 8 2 3

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 1 0 7 9 2 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 5 . 5 0 5 1 5 3 4 0 1

P ( T < = t ) o n e - t a i l 6 . 7 2 1 3 4 E - 0 6

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 3 4 4 2 7 E - 0 5

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t — T e s t : P a i r e d T w o S a m p l e f o r M e a n s

6 0 0 H o u r s 6 5 0 H o u r s

M e a n 7 . 2 0 8 8 8 8 8 8 9 7 . 1 3 9 5 1 3 8 8 9

V a r i a n c e 3 . 6 8 6 5 5 9 8 2 3 3 . 6 5 7 4 9 7 4 5 9

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 6 2 6 0 1 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 6 . 4 1 8 2 2 4 2 8 1

P ( T < = t ) o n e - t a i l 7 . 5 1 8 4 1 E - 0 7

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 5 0 3 6 8 E - 0 6

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 4 3



W i d t h S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

6 5 0 H o u r s 7 0 0 H o u r s

M e a n 7 . 1 3 9 5 1 3 8 8 9 7 . 0 6 9 0 2 7 7 7 8

V a r i a n c e 3 . 6 5 7 4 9 7 4 5 9 3 . 5 6 5 2 0 5 0 5 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 9 6 9 8 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 7 . 6 1 5 6 4 7 2 7 9

P ( T < = t ) o n e - t a i l 4 . 9 3 8 7 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 9 . 8 7 7 4 E - 0 8

1 C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

7 0 0 H o u r s 7 5 0 H o u r s

M e a n 7 . 0 6 9 0 2 7 7 7 8 7 . 0 0 6 2 5

V a r i a n c e 3 . 5 6 5 2 0 5 0 5 2 3 . 5 2 3 0 0 4 6 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 2 7 5 9 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 6 . 7 8 1 9 3 1 6 5 1

P ( T < = t ) o n e - t a i l 3 . 2 2 5 2 E - 0 7

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 6 . 4 5 0 4 E - 0 7

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

7 5 0 H o u r s 8 0 0 H o u r s

M e a n 7 . 0 0 6 2 5 6 . 9 2 5 7 6 3 8 8 9

V a r i a n c e 3 . 5 2 3 0 0 4 6 5 3 . 4 8 6 6 8 5 2 6 1

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 0 2 6 0 7 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 4 . 7 3 9 6 4 3 0 1 8

P ( T < = t ) o n e - t a i l 4 . 4 5 3 7 5 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 8 . 9 0 7 4 9 E - 0 5

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

A p p e n d i x J c o n t i n u e d .

5 4 4



W i d t h S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

8 0 0 H o u r s 8 5 0 H o u r s

M e a n 6 . 9 2 5 7 6 3 8 8 9 6 . 8 5 7 9 1 6 6 6 7

V a r i a n c e 3 . 4 8 6 6 8 5 2 6 1 3 . 4 1 8 3 0 2 7 1 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 6 4 3 4 3 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 6 . 2 8 0 7 6 0 6 ] 1

P ( T < = t ) o n e - t a i l 1 . 0 3 9 5 6 E - 0 6

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 0 7 9 1 1 E - 0 6

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

8 5 0 H o u r s 9 0 0 H o u r s

M e a n 6 . 8 5 7 9 1 6 6 6 7 6 . 8 1 1 2 5

V a r i a n c e 3 . 4 1 8 3 0 2 7 1 7 3 . 4 3 1 9 0 6 3 4 1

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 6 8 9 3 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 5 . 7 2 1 9 5 8 4 0 5

P ( T < = t ) o n e - t a i l 3 . 9 6 5 0 1 E - 0 6

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 7 . 9 3 0 0 3 E - 0 6

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

9 0 0 H o u r s 9 5 0 H o u r s

M e a n 6 . 8 1 1 2 5 6 . 7 5 7 6 9 4 4 4 4

V a r i a n c e 3 . 4 3 1 9 0 6 3 4 1 3 . 4 6 1 4 0 2 5 9 8

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 6 9 4 9 9 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 5 . 6 3 7 9 7 1 8 2 6

P ( T < = t ) o n e - t a i l 4 . 8 6 2 0 3 E - 0 6

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 9 . 7 2 4 0 6 E - 0 6

t C r i t i c a l t w o — t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 4 5



- W i d t h S h a r k - b e t w e e n i n t e r v a l s

t — T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

9 5 0 H o u r s 1 0 0 0 H o u r s

M e a n 6 . 7 5 7 6 9 4 4 4 4 6 . 7 2 4 5 6 9 4 4 4

V a r i a n c e 3 . 4 6 1 4 0 2 5 9 8 3 . 4 2 5 8 9 0 8 2 6

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 0 0 1 1 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 4 . 2 3 5 1 6 3 3 5 5

P ( T < = t ) o n e - t a i l 0 . 0 0 0 1 5 6 6 7

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 0 . 0 0 0 3 1 3 3 4

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 4 6



W i d t h R a y

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

0 H o u r s 5 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 5 6 8 5 4 1 6 7

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 5 6 6 2 1 0 6 6 5

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 6 5 8 8 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 1 . 0 1 2 2 9 0 5 7 7

P ( T < = t ) o n e - t a i l 0 . 1 7 2 5 5 1 6 8 4

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 3 4 5 1 0 3 3 6 7

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 0 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 5 6 8 5 4 1 6 7

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 5 6 6 2 1 0 6 6 5

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 6 5 8 8 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 1 . 0 1 2 2 9 0 5 7 7

P ( T < = t ) o n e - t a i l 0 . 1 7 2 5 5 1 6 8 4

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 3 4 5 1 0 3 3 6 7

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 5 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 5 4 0 8 3 3 3 3

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 5 9 8 2 2 0 6 3 5

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 5 8 9 8 1 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 2 . 2 3 6 6 9 0 1 8 3

P ( T < = t ) o n e - t a i l 0 . 0 3 0 1 8 5 9 8 6

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 6 0 3 7 1 9 7 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

A p p e n d i x J c o n t i n u e d .

5 4 7



W i d t h R a y

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 2 0 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 6 8 1 2 5

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 6 0 2 3 6 5 4 2 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 0 3 0 0 3 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 4 . 2 3 8 3 9 4 2 7 8

P ( T < = t ) o n e - t a i l 0 . 0 0 1 9 2 3 9 7 1

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 3 8 4 7 9 4 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 2 5 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 3 0 8 3 3 3 3

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 6 0 7 3 2 9 3 6 5

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 0 7 6 6 1 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 5 . 6 4 0 4 7 6 9 9 2

P ( T < = t ) o n e - t a i l 0 . 0 0 0 3 9 1 0 9 7

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 7 8 2 1 9 4

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 3 0 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 4 0 4 1 6 6 7

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 6 5 8 8 2 8 3 7 3

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 4 0 0 9 2 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 5 . 3 9 0 1 5 9 9 7 3

P ( T < = t ) o n e - t a i l 0 . 0 0 0 5 0 9 5 9 3

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 0 1 9 1 8 7

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 4 8



W i d t h R a y

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 3 5 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 4 0 4 1 6 6 7

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 6 5 8 8 2 8 3 7 3

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 4 0 0 9 2 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 5 . 3 9 0 1 5 9 9 7 3

P ( T < = t ) o n e - t a i l 0 . 0 0 0 5 0 9 5 9 3

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 0 1 9 1 8 7

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 4 0 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 4 0 4 1 6 6 7

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 6 5 8 8 2 8 3 7 3

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 4 0 0 9 2 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 5 . 3 9 0 1 5 9 9 7 3

P ( T < = t ) o n e - t a i l 0 . 0 0 0 5 0 9 5 9 3

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 0 1 9 1 8 7

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 4 5 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 3 7 5

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 6 4 2 9 9 9 2 0 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 3 2 2 2 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 5 . 5 4 1 0 0 7 4 3 9

P ( T < = t ) o n e - t a i l 0 . 0 0 0 4 3 4 0 4 9

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 8 6 8 0 9 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 4 9



W i d t h R a y

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 5 0 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 3 4 1 6 6 6 7

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 6 2 5 0 7 5 3 9 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 2 1 0 9 8 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 5 . 6 3 3 7 2 4 7 0 5

P ( T < = t ) o n e - t a i l 0 . 0 0 0 3 9 3 8 5 8

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 7 8 7 7 1 5

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 h o u r s 5 5 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 1 0 4 1 6 6 7

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 5 9 6 4 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 4 2 6 2 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 5 . 1 9 7 7 7 0 4 9 3

P ( T < = t ) o n e - t a i l 0 . 0 0 0 6 2 8 0 4 2

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 2 5 6 0 8 4

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 6 0 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 1 0 4 1 6 6 7

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 5 9 6 4 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 4 2 6 2 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 5 . 1 9 7 7 7 0 4 9 3

P ( T < = t ) o n e - t a i l 0 . 0 0 0 6 2 8 0 4 2

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 2 5 6 0 8 4

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 5 0



W i d t h R a y

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 6 5 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 1 0 4 1 6 6 7

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 5 9 6 4 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 4 2 6 2 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 5 . 1 9 7 7 7 0 4 9 3

P ( T < = t ) o n e - t a i l 0 . 0 0 0 6 2 8 0 4 2

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 2 5 6 0 8 4

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 7 0 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 0 4 5 8 3 3 3

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 6 0 4 5 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 0 6 3 8 3 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 4 . 8 5 5 7 8 7 9 0 9

P ( T < = t ) o n e - t a i l 0 . 0 0 0 9 2 2 0 1 8

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 8 4 4 0 3 7

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 7 5 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 0 4 5 8 3 3 3

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 6 0 4 5 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 0 6 3 8 3 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 4 . 8 5 5 7 8 7 9 0 9

P ( T < = t ) o n e - t a i l 0 . 0 0 0 9 2 2 0 ] 8

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 8 4 4 0 3 7

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 5 1



W i d t h R a y

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 8 0 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 0 4 5 8 3 3 3

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 6 0 4 5 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 0 6 3 8 3 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 4 . 8 5 5 7 8 7 9 0 9

P ( T < = t ) o n e - t a i l 0 . 0 0 0 9 2 2 0 1 8

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 8 4 4 0 3 7

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 8 5 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 0 4 5 8 3 3 3

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 6 0 4 5 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 0 6 3 8 3 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 4 . 8 5 5 7 8 7 9 0 9

P ( T < = t ) o n e - t a i l 0 . 0 0 0 9 2 2 0 1 8

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 8 4 4 0 3 7

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 9 0 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 0 4 5 8 3 3 3

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 6 0 4 5 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 0 6 3 8 3 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 4 . 8 5 5 7 8 7 9 0 9

P ( T < = t ) o n e - t a i l 0 . 0 0 0 9 2 2 0 1 8

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 8 4 4 0 3 7

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 5 2



W i d t h R a y

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

0 H o u r s 9 5 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 4 0 4 5 8 3 3 3

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 6 0 4 5 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 0 6 3 8 3 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 4 . 8 5 5 7 8 7 9 0 9

P ( T < = t ) o n e - t a i l 0 . 0 0 0 9 2 2 0 1 8

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 8 4 4 0 3 7

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 0 0 0 H o u r s

M e a n 1 2 . 5 8 5 6 2 5 1 2 . 3 9 2 2 9 1 6 7

V a r i a n c e 2 . 4 9 1 4 0 0 7 4 4 2 . 6 4 3 6 1 2 6 4 9

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 7 3 4 3 0 9 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 4 . 3 3 7 5 0 4 1 0 7

P ( T < = t ) o n e - t a i l 0 . 0 0 1 7 0 3 2 2 3

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 3 4 0 6 4 4 6

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 5 3



W i d t h R a y - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

5 0 H o u r s 1 0 0 H o u r s

M e a n 1 2 . 5 6 8 5 4 1 6 7 1 2 . 5 6 8 5 4 1 7

V a r i a n c e 2 . 5 6 6 2 1 0 6 6 5 2 . 5 6 6 2 1 0 6 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

1 0 0 H o u r s 1 5 0 H o u r s

M e a n 1 2 . 5 6 8 5 4 1 6 7 1 2 . 5 4 0 8 3 3 3

V a r i a n c e 2 . 5 6 6 2 1 0 6 6 5 2 . 5 9 8 2 2 0 6 3

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 8 3 6 7 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 2 . 9 6 2 2 5 0 3 8 8

P ( T < = t ) o n e - t a i l 0 . 0 1 0 5 1 8 8 8 1

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 2 1 0 3 7 7 6 2

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

1 5 0 H o u r s 2 0 0 H o u r s

M e a n 1 2 . 5 4 0 8 3 3 3 3 1 2 . 4 6 8 1 2 5

V a r i a n c e 2 . 5 9 8 2 2 0 6 3 5 2 . 6 0 2 3 6 5 4 3

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 0 3 3 ]

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 6 . 4 2 4 8 3 3 0 5 5

P ( T < fi ) o n e - t a i l 0 . 0 0 0 1 7 9 3 5 9

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 3 5 8 7 1 8

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

A p p e n d i x J c o n t i n u e d .

5 5 4



W i d t h R a y - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

2 0 0 H o u r s 2 5 0 H o u r s

M e a n 1 2 . 4 6 8 1 2 5 1 2 . 4 4 0 4 1 6 7

V a r i a n c e 2 . 6 0 2 3 6 5 4 2 7 2 . 6 5 8 8 2 8 3 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 8 8 3 3 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 2 . 6 2 6 3 7 2 5 9 2

P ( T < = t ) o n e - t a i l 0 . 0 1 7 0 4 5 9 3 8

1 C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 3 4 0 9 1 8 7 6

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

2 5 0 H o u r s 3 0 0 H o u r s

M e a n 1 2 . 4 4 0 4 1 6 6 7 1 2 . 4 4 0 4 1 6 7

V a r i a n c e 2 . 6 5 8 8 2 8 3 7 3 2 . 6 5 8 8 2 8 3 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

3 0 0 H o u r s 3 5 0 H o u r s

M e a n 1 2 . 4 4 0 4 1 6 6 7 1 2 . 4 4 0 4 1 6 7

V a r i a n c e 2 . 6 5 8 8 2 8 3 7 3 2 . 6 5 8 8 2 8 3 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D l V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !
 

A p p e n d i x J c o n t i n u e d .

5 5 5



W i d t h R a y - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

3 5 0 H o u r s 4 0 0 H o u r s

M e a n 1 2 . 4 4 0 4 1 6 6 7 1 2 . 4 4 0 4 1 6 7

V a r i a n c e 2 . 6 5 8 8 2 8 3 7 3 2 . 6 5 8 8 2 8 3 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

4 0 0 H o u r s 4 5 0 H o u r s

M e a n 1 2 . 4 4 0 4 1 6 6 7 1 2 . 4 3 7 5

V a r i a n c e 2 . 6 5 8 8 2 8 3 7 3 2 . 6 4 2 9 9 9 2 ]

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 9 1 6 2 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 1

P ( T < = t ) o n e - t a i l 0 . 1 7 5 3 0 8 3 3 1

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 3 5 0 6 1 6 6 6 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

4 5 0 H o u r s 5 0 0 H o u r s

M e a n 1 2 . 4 3 7 5 1 2 . 4 3 4 1 6 6 7

V a r i a n c e 2 . 6 4 2 9 9 9 2 0 6 2 . 6 2 5 0 7 5 4

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 8 8 9 ] 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t l

P ( T < = t ) o n e - t a i l 0 . 1 7 5 3 0 8 3 3 1

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 3 5 0 6 1 6 6 6 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 5 6



W i d t h R a y - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

5 0 0 H o u r s 5 5 0 H o u r s

M e a n 1 2 . 4 3 4 1 6 6 6 7 1 2 . 4 1 0 4 1 6 7

V a r i a n c e 2 . 6 2 5 0 7 5 3 9 7 2 . 5 9 6 4 5 3 7 ?

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 5 9 5 5 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 1 . 8 3 9 2 5 6 5 8 7

P ( T < = t ) o n e - t a i l 0 . 0 5 4 2 3 1 5 8

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 1 0 8 4 6 3 1 5 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

5 5 0 H o u r s 6 0 0 H o u r s

M e a n 1 2 . 4 1 0 4 1 6 6 7 1 2 . 4 1 0 4 1 6 7

V a r i a n c e 2 . 5 9 6 4 5 3 7 7 2 . 5 9 6 4 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D l V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

6 0 0 H o u r s 6 5 0 H o u r s

M e a n 1 2 . 4 1 0 4 1 6 6 7 1 2 . 4 1 0 4 1 6 7

V a r i a n c e 2 . 5 9 6 4 5 3 7 7 2 . 5 9 6 4 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / 0 !

A p p e n d i x J c o n t i n u e d .

5 5 7



W i d t h R a y - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

6 5 0 H o u r s 7 0 0 H o u r s

M e a n 1 2 . 4 1 0 4 1 6 6 7 1 2 . 4 0 4 5 8 3 3

V a r i a n c e 2 . 5 9 6 4 5 3 7 7 2 . 6 0 4 5 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 7 1 3 0 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 1 . 3 2 2 8 7 5 6 5 6

P ( T < = t ) o n e - t a i l 0 . 1 1 3 7 2 6 4 0 9

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 2 2 7 4 5 2 8 1 8

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

7 0 0 H o u r s 7 5 0 H o u r s

M e a n 1 2 . 4 0 4 5 8 3 3 3 1 2 . 4 0 4 5 8 3 3

V a r i a n c e 2 . 6 0 4 5 5 3 7 7 2 . 6 0 4 5 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D l V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

7 5 0 H o u r s 8 0 0 H o u r s

M e a n 1 2 . 4 0 4 5 8 3 3 3 1 2 . 4 0 4 5 8 3 3

V a r i a n c e 2 . 6 0 4 5 5 3 7 7 2 . 6 0 4 5 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !

A p p e n d i x J c o n t i n u e d .

5 5 8



W i d t h R a y - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

8 0 0 H o u r s 8 5 0 H o u r s

M e a n 1 2 . 4 0 4 5 8 3 3 3 1 2 . 4 0 4 5 8 3 3

V a r i a n c e 2 . 6 0 4 5 5 3 7 7 2 . 6 0 4 5 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n l

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D l V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D l V / O !

t C r i t i c a l t w o — t a i l # D I V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

8 5 0 H o u r s 9 0 0 H o u r s

M e a n 1 2 . 4 0 4 5 8 3 3 3 1 2 . 4 0 4 5 8 3 3

V a r i a n c e 2 . 6 0 4 5 5 3 7 7 2 . 6 0 4 5 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n l

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D l V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

9 0 0 H o u r s 9 5 0 H o u r s

M e a n 1 2 . 4 0 4 5 8 3 3 3 1 2 . 4 0 4 5 8 3 3

V a r i a n c e 2 . 6 0 4 5 5 3 7 7 2 . 6 0 4 5 5 3 7 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !
 

A p p e n d i x J c o n t i n u e d .

5 5 9



W i d t h R a y - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

9 5 0 H o u r s 1 0 0 0 H o u r s
 

 

M e a n 1 2 . 4 0 4 5 8 3 3 3 1 2 . 3 9 2 2 9 1 7

V a r i a n c e 2 . 6 0 4 5 5 3 7 7 2 . 6 4 3 6 1 2 6 5

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 9 9 9 1 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 1 . 3 4 2 5 4 4 6 7 9

P ( T < = t ) o n e - t a i l 0 . 1 1 0 6 6 1 4 6 1

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 2 2 1 3 2 2 9 2 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

A p p e n d i x J c o n t i n u e d .

5 6 0



M a s s S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 5 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 3 2 5

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 4 7 1 1 8 7 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 5 6 0 2 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 7 . 6 1 3 6 6 1 4 1 3

P ( T < = t ) o n e - t a i l 4 . 9 6 0 2 9 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 9 . 9 2 0 5 7 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 0 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 2 8 4 7 9 1 6 7

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 4 4 6 8 3 9 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 6 9 4 0 9 6 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 7 . 7 8 2 9 3 4 8 6 2

P ( T < = t ) o n e - t a i l 3 . 4 2 6 7 7 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 6 . 8 5 3 5 4 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 5 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 2 3 9 8 6 1 1 1

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 4 1 3 7 9 9 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 6 1 2 0 8 ] 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 2 7 3 8 1 0 0 3 5

P ( T < = t ) o n e - t a i l 1 . 1 9 8 1 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 3 9 6 2 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 6 1



M a s s S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 2 0 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 2 1 2 0 1 3 8 9

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 3 9 2 4 1 2 8

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 5 4 2 0 2 0 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 3 0 5 7 7 6 8 0 9

P ( T < = t ) o n e - t a i l 1 . 1 2 0 1 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 2 4 0 2 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 2 5 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 1 8 4 3 9 5 8 3

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 3 7 8 0 7 9 6

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 5 5 0 0 8 1 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 8 0 7 9 0 7 4 6 4

P ( T < = t ) o n e - t a i l 3 . 9 6 0 1 8 E - 0 9

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 7 . 9 2 0 3 7 E - 0 9

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 3 0 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 1 7 5 4 3 7 5

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 3 6 7 8 2 7 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 5 7 9 5 6 0 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 7 3 6 6 8 3 5 9 4

P ( T < = t ) o n e - t a i l 4 . 5 8 0 2 1 E - 0 9

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 9 . 1 6 0 4 2 E - 0 9

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 6 2



M a s s S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

0 H o u r s 3 5 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 1 4 9 7 9 1 6 7

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 3 5 2 8 6 7 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 4 0 5 7 8 4 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 8 . 6 3 1 6 4 4 8 ]

P ( T < = t ) o n e - t a i l 5 . 6 8 2 9 6 E - 0 9

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 1 3 6 5 9 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 4 0 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 1 2 7 6 3 8 8 9

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 3 3 3 4 1 6 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 2 7 9 5 4 6 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 3 6 8 0 7 8 4 8 4

P ( T < = t ) o n e - t a i l 9 . 8 2 7 5 3 E - 0 9

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 9 6 5 5 1 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 4 5 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 1 1 4 4 4 4 4 4

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 3 3 0 0 5 3 3

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 3 7 6 6 9 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 7 7 3 0 6 9 5 3 4

P ( T < = t ) o n e - t a i l 4 . 2 5 1 8 5 E - 0 9

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 8 . 5 0 3 7 E - 0 9

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

A p p e n d i x J c o n t i n u e d .

5 6 3



M a s s S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 5 0 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 0 9 1 8 7 5

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 3 ] 1 4 2 9 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 1 7 4 4 1 5 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 8 . 4 5 8 5 2 9 1 4 8

P ( T < = t ) o n e - t a i l 8 . 1 3 5 0 9 E - 0 9

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 6 2 7 0 2 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 5 5 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 0 7 7 9 1 6 6 7

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 3 0 1 4 3 7 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 0 7 8 7 9 9 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 3 8 1 4 1 8 7 8 1

P ( T < = t ) o n e - t a i l 9 . 5 5 6 7 2 E - 0 9

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 9 1 1 3 4 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 6 0 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 0 6 0 4 8 6 ] 1

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 2 8 8 7 7 9 6

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 8 9 5 0 5 8 7 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 2 8 3 0 7 4 8 6 3

P ( T < = t ) o n e - t a i l 1 . 1 7 4 9 4 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 3 4 9 8 7 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 6 4



M a s s S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

5 6 5

0 H o u r s 6 5 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 0 5 6 9 4 4 4 4

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 2 8 5 4 3 5 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 8 9 5 4 6 9 5 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 8 . 2 6 2 3 7 5 0 0 4

P ( T < = t ) o n e - t a i l 1 . 2 2 7 3 4 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 4 5 4 6 9 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 7 0 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 0 3 9 2 3 6 ] 1

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 2 7 6 3 6 7 1

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 8 7 4 6 4 6 4 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 2 3 9 2 7 2 4 9

P ( T < = t ) o n e - t a i l 1 . 2 8 8 6 9 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 5 7 7 3 8 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 7 5 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 0 3 8 3 3 3 3 3

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 2 7 5 9 4 3

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 8 7 4 6 2 0 3 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 2 4 6 5 0 5 8 9 8

P ( T < = t ) o n e - t a i l 1 . 2 6 9 1 5 E - 0 8

t C r i t i c a l o n e - t a i l l . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 5 3 8 3 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

A p p e n d i x J c o n t i n u e d .



M a s s S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 8 0 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 0 2 0 4 1 6 6 7

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 2 7 1 6 4 8 9

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 8 5 4 9 6 9 0 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 3 8 7 9 4 2 1 5 1

P ( T < = t ) o n e - t a i l 9 . 4 2 7 1 E - 0 9

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o — t a i l 1 . 8 8 5 4 2 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 8 5 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 0 1 4 7 9 1 6 7

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 2 6 3 0 1 1 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 8 4 8 3 6 5 ]

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 8 2 1 2 8 9 3 4 3 2

P ( T < = t ) o n e - t a i l 1 . 3 6 2 6 1 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 7 2 5 2 2 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 9 0 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 1 0 0 0 8 3 3 3 3

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 2 5 4 5 1 6 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 8 3 0 3 7 1 2 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 1 6 2 5 8 7 1 8 1

P ( T < = t ) o n e - t a i l 1 . 5 1 5 9 3 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 3 . 0 3 1 8 6 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 6 6



M a s s S h a r k

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

0 H o u r s 9 5 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 0 9 9 7 6 3 8 8 9

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 2 5 2 4 2 2 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 8 2 9 9 4 4 7 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 1 6 6 3 6 6 2 4 7

P ( T < = t ) o n e - t a i l 1 . 5 0 3 8 2 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 3 . 0 0 7 6 4 E - 0 8

t C r i t i c a l t w o — t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 0 0 0 H o u r s

M e a n 0 . 1 4 0 0 8 3 3 3 3 0 . 0 9 8 6 8 0 5 5 6

V a r i a n c e 0 . 0 0 5 1 4 7 4 9 8 0 . 0 0 2 4 7 1 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 8 1 8 9 7 2 4 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 8 . 1 8 1 1 6 8 5 5 7

P ( T < = t ) o n e - t a i l 1 . 4 5 7 3 3 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 9 1 4 6 6 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 6 7



M a s s S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

5 0 H o u r s 1 0 0 H o u r s

M e a n 0 . 1 3 2 5 0 . 1 2 8 4 7 9 1 6 7

V a r i a n c e 0 . 0 0 4 7 1 1 8 7 7 0 . 0 0 4 4 6 8 3 9 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 5 9 6 6 8 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 7 . 4 8 2 2 6 2 4 5 6

P ( T < = t ) o n e - t a i l 6 . 6 2 7 2 3 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 3 2 5 4 5 E - 0 7

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

1 0 0 H o u r s 1 5 0 H o u r s

M e a n 0 . 1 2 8 4 7 9 1 6 7 0 . 1 2 3 9 8 6 1 1 1

V a r i a n c e 0 . 0 0 4 4 6 8 3 9 2 0 . 0 0 4 1 3 7 9 9 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 6 5 1 9 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 7 . 6 1 1 2 1 5 0 9 7

P ( T < = t ) o n e - t a i l 4 . 9 8 7 0 1 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 9 . 9 7 4 0 2 E - 0 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

1 5 0 H o u r s 2 0 0 H o u r s

M e a n 0 . 1 2 3 9 8 6 1 1 1 0 . 1 2 1 2 0 1 3 8 9

V a r i a n c e 0 . 0 0 4 1 3 7 9 9 7 0 . 0 0 3 9 2 4 1 2 8

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 8 8 7 4 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 6 . 4 0 2 7 8 4 9 2 7

P ( T < = t ) o n e - t a i l 7 . 7 9 6 2 1 E - 0 7

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 5 5 9 2 4 E - 0 6

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 6 8



M a s s S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

2 0 0 H o u r s 2 5 0 H o u r s

M e a n 0 . 1 2 1 2 0 1 3 8 9 0 . 1 1 8 4 3 9 5 8 3

V a r i a n c e 0 . 0 0 3 9 2 4 1 2 8 0 . 0 0 3 7 8 0 7 9 6

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 3 7 6 9 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 7 . 3 8 7 8 9 1 4 7 6

P ( T < = t ) o n e - t a i l 8 . 1 7 1 7 3 E - 0 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 6 3 4 3 5 E - 0 7

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

2 5 0 H o u r s 3 0 0 H o u r s

M e a n 0 . 1 1 8 4 3 9 5 8 3 0 . 1 1 7 5 4 3 7 5

V a r i a n c e 0 . 0 0 3 7 8 0 7 9 6 0 . 0 0 3 6 7 8 2 7 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 1 2 0 4 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 2 . 5 9 8 6 1 8 5 7 6

P ( T < = t ) o n e - t a i l 0 . 0 0 8 0 2 9 7 3 4

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 0 . 0 1 6 0 5 9 4 6 7

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

3 0 0 H o u r s 3 5 0 H o u r s

M e a n 0 . 1 1 7 5 4 3 7 5 0 . 1 1 4 9 7 9 1 6 7

V a r i a n c e 0 . 0 0 3 6 7 8 2 7 7 0 . 0 0 3 5 2 8 6 7 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 6 4 7 5 1 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 6 2 1 0 4 3 3 6 2 5

P ( T < = t ) o n e - t a i l 1 . 2 2 8 0 3 E - 0 6

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 2 . 4 5 6 0 6 E - 0 6

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 6 9



M a s s S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

3 5 0 H o u r s 4 0 0 H o u r s

M e a n 0 . 1 1 4 9 7 9 1 6 7 0 . 1 1 2 7 6 3 8 8 9

V a r i a n c e 0 . 0 0 3 5 2 8 6 7 7 0 . 0 0 3 3 3 4 1 6 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 6 2 4 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 4 . 6 9 8 8 0 3 9 9 1

P ( T < = t ) o n e - t a i l 4 . 9 3 0 5 5 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 9 . 8 6 1 1 E - 0 5

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

4 0 0 H o u r s 4 5 0 H o u r s

M e a n 0 . 1 1 2 7 6 3 8 8 9 0 . 1 1 1 4 4 4 4 4 4

V a r i a n c e 0 . 0 0 3 3 3 4 1 6 2 0 . 0 0 3 3 0 0 5 3 3

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 6 0 1 8 4 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 3 . 9 1 4 4 0 6 8 0 6

P ( T < = t ) o n e - t a i l 0 . 0 0 0 3 4 7 8 ]

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 0 . 0 0 0 6 9 5 6 2 1

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

4 5 0 H o u r s 5 0 0 H o u r s

M e a n 0 . 1 1 1 4 4 4 4 4 4 0 . 1 0 9 1 8 7 5

V a r i a n c e 0 . 0 0 3 3 0 0 5 3 3 0 . 0 0 3 ] 1 4 2 9 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 9 0 3 6 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 5 . 4 9 5 3 1 1 9 6 9

P ( T < = t ) o n e - t a i l 6 . 8 8 4 9 8 E - 0 6

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < fi ) t w o - t a i l 1 . 3 7 7 E - 0 5

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 7 0



M a s s S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

5 0 0 H o u r s 5 5 0 H o u r s

M e a n 0 . 1 0 9 1 8 7 5 0 . 1 0 7 7 9 1 6 6 7

V a r i a n c e 0 . 0 0 3 1 1 4 2 9 5 0 . 0 0 3 0 1 4 3 7 5

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 9 8 4 7 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 5 . 7 0 4 9 1 6 7 7 8

P ( T < = t ) o n e - t a i l 4 . 1 3 2 3 2 E - 0 6

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 8 . 2 6 4 6 4 E - 0 6

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

5 5 0 H o u r s 6 0 0 H o u r s

M e a n 0 . 1 0 7 7 9 1 6 6 7 0 . 1 0 6 0 4 8 6 ] l

V a r i a n c e 0 . 0 0 3 0 1 4 3 7 5 0 . 0 0 2 8 8 7 7 9 6

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 1 6 7 4 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 4 . 9 0 6 5 0 0 6 4 4

P ( T < = t ) o n e - t a i l 2 . 9 4 1 1 4 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 5 . 8 8 2 2 8 E - 0 5

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

6 0 0 H o u r s 6 5 0 H o u r s

M e a n 0 . 1 0 6 0 4 8 6 1 1 0 . 1 0 5 6 9 4 4 4 4

V a r i a n c e 0 0 0 2 8 8 7 7 9 6 0 0 0 2 8 5 4 3 5 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 1 6 7 1 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 2 2 8 6 8 6 2 5 5 9

P ( T < = t ) o n e - t a i l 0 . 0 1 5 8 6 7 7 9

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 0 . 0 3 1 7 3 5 5 8

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 7 1



M a s s S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

6 5 0 H o u r s 7 0 0 H o u r s

M e a n 0 . 1 0 5 6 9 4 4 4 4 0 . 1 0 3 9 2 3 6 ] 1

V a r i a n c e 0 . 0 0 2 8 5 4 3 5 2 0 . 0 0 2 7 6 3 6 7 1

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 5 0 7 2 9 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 4 . 6 3 7 4 3 0 2 1 8

P ( T < = t ) o n e - t a i l 5 . 7 4 5 2 7 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 1 4 9 0 5

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

7 0 0 H o u r s 7 5 0 H o u r s

M e a n 0 . 1 0 3 9 2 3 6 ] l 0 . 1 0 3 8 3 3 3 3 3

V a r i a n c e 0 . 0 0 2 7 6 3 6 7 1 0 . 0 0 2 7 5 9 4 3

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 8 2 3 7 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 2 3

t S t a t 1 . 4 0 5 7 4 0 2 8 4

P ( T < = t ) o n e - t a i l 0 . 0 8 6 5 8 3 4 6 2

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 0 . 1 7 3 1 6 6 9 2 5

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

7 5 0 H o u r s 8 0 0 H o u r s

M e a n 0 . 1 0 3 8 3 3 3 3 3 0 . 1 0 2 0 4 1 6 6 7

V a r i a n c e 0 . 0 0 2 7 5 9 4 3 0 . 0 0 2 7 1 6 4 8 9

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 6 9 8 4 7 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 6 . 5 0 7 1 8 9 2 1 3

P ( T < = t ) o n e - t a i l 6 . 1 0 3 3 7 E - 0 7

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 1 . 2 2 0 6 7 E - 0 6

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

A p p e n d i x J c o n t i n u e d .

5 7 2



M a s s S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

8 0 0 H o u r s 8 5 0 H o u r s

M e a n 0 . 1 0 2 0 4 1 6 6 7 0 . 1 0 1 4 7 9 1 6 7

V a r i a n c e 0 . 0 0 2 7 1 6 4 8 9 0 . 0 0 2 6 3 0 1 1 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 6 9 4 4 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 2 . 3 3 2 5 7 0 8 9 2

P ( T < = t ) o n e - t a i l 0 . 0 1 4 3 9 1 3 8 8

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 0 . 0 2 8 7 8 2 7 7 5

t C r i t i c a l t w o — t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

8 5 0 H o u r s 9 0 0 H o u r s

M e a n 0 . 1 0 1 4 7 9 1 6 7 0 . 1 0 0 0 8 3 3 3 3

V a r i a n c e 0 . 0 0 2 6 3 0 1 1 2 0 0 0 2 5 4 5 1 6 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 6 1 5 7 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 4 . 1 7 2 7 6 1 6 7 1

P ( T < = t ) o n e - t a i l 0 . 0 0 0 1 8 3 0 2 4

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 0 . 0 0 0 3 6 6 0 4 7

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

9 0 0 H o u r s 9 5 0 H o u r s

M e a n 0 . 1 0 0 0 8 3 3 3 3 0 . 0 9 9 7 6 3 8 8 9

V a r i a n c e 0 . 0 0 2 5 4 5 1 6 2 0 . 0 0 2 5 2 4 2 2 7

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 4 1 3 2 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 1 . 6 9 9 8 0 5 1 2 1

P ( T < = t ) o n e - t a i l 0 . 0 5 1 3 2 6 9 1 2

t C r i t i c a l o n e - t a i l

P ( T < = t ) t w o - t a i l

t C r i t i c a l t w o - t a i l

A p p e n d i x J c o n t i n u e d .

1 . 7 1 3 8 7 0 0 0 6

0 . 1 0 2 6 5 3 8 2 4

2 . 0 6 8 6 5 4 7 9 4

5 7 3



M a s s S h a r k - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

9 5 0 H o u r s 1 0 0 0 H o u r s

M e a n 0 . 0 9 9 7 6 3 8 8 9 0 . 0 9 8 6 8 0 5 5 6

V a r i a n c e 0 . 0 0 2 5 2 4 2 2 7 0 . 0 0 2 4 7 1 2

O b s e r v a t i o n s 2 4 2 4

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 8 1 6 8 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 2 3

t S t a t 4 . 5 3 0 9 9 6 5 3 2

P ( T < = t ) o n e - t a i l 7 . 4 9 1 3 7 E - 0 5

t C r i t i c a l o n e - t a i l 1 . 7 1 3 8 7 0 0 0 6

P ( T < = t ) t w o - t a i l 0 . 0 0 0 1 4 9 8 2 7

t C r i t i c a l t w o - t a i l 2 . 0 6 8 6 5 4 7 9 4
 

A p p e n d i x J c o n t i n u e d .

5 7 4



M a s s R a y

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 5 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 6 5 8 3 3 3 3

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 8 1 4 4 7 6

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 9 4 7 8 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( f f 7

t S t a t 1 . 8 2 0 9 3 0 9 3 6

P ( T < = t ) o n e - t a i l 0 . 0 5 5 7 0 8 2 3 4

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 1 1 1 4 1 6 4 6 7

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 0 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 6 5 4 1 6 6 7

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 8 1 6 4 9 8

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 8 3 0 3 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( f f 7

t S t a t 1 . 5 9 5 4 4 8 0 7

P ( T < = t ) o n e - t a i l 0 . 0 7 7 3 2 1 1 3 2

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 1 5 4 6 4 2 2 6 4

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 5 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 5 7 7 0 8 3 3

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 8 3 9 6 8 2

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 6 1 9 9 4 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( f f 7

t S t a t 2 . 1 1 5 6 1 9 2 1 1

P ( T < = t ) o n e - t a i l 0 . 0 3 6 0 9 3 4 8

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 7 2 1 8 6 9 6 1

t C r i t i c a l t w o — t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 7 5



M a s s R a y

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 2 0 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 5 1 8 7 5

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 8 5 6 5 7 5

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 5 8 6 4 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 3 . 1 1 3 9 4 3 9 2

P ( T < = t ) o n e - t a i l 0 . 0 0 8 4 9 3 5 5 9

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 1 6 9 8 7 1 1 7

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 2 5 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 3 7 9 1 6 6 7

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 8 1 4 3 8 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 3 4 6 3 7 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 3 . 3 6 7 8 7 6 5 7

P ( T < = t ) o n e - t a i l 0 . 0 0 5 9 7 7 4 7

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 1 1 9 5 4 9 3 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 3 0 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 3 7 9 1 6 6 7

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 8 1 4 3 8 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 3 4 6 3 7 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 3 . 3 6 7 8 7 6 5 7

P ( T < = t ) o n e - t a i l 0 . 0 0 5 9 7 7 4 7

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 1 1 9 5 4 9 3 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 7 6



M a s s R a y

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 3 5 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 3 7 9 1 6 6 7

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 8 1 4 3 8 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 3 4 6 3 7 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 3 . 3 6 7 8 7 6 5 7

P ( T < = t ) o n e - t a i l 0 . 0 0 5 9 7 7 4 7

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 1 1 9 5 4 9 3 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 4 0 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 3 1 2 5

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 8 2 3 0 6 2

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 4 5 2 7 3 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 4 . 2 5 7 6 3 4 4 3 5

P ( T < = t ) o n e - t a i l 0 . 0 0 1 8 7 8 7 7 2

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 3 7 5 7 5 4 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 4 5 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 3 1 2 5

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 8 2 3 0 6 2

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 4 5 2 7 3 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 4 2 5 7 6 3 4 4 3 5

P ( T < = t ) o n e - t a i l 0 . 0 0 1 8 7 8 7 7 2

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 3 7 5 7 5 4 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 7 7



M a s s R a y

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 5 0 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 3 1 2 5

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 8 2 3 0 6 2

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 4 5 2 7 3 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 4 . 2 5 7 6 3 4 4 3 5

P ( T < = t ) o n e - t a i l 0 . 0 0 1 8 7 8 7 7 2

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 3 7 5 7 5 4 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 5 5 0 H o u r s

M e a n 0 . ] 1 6 7 0 8 3 3 3 0 . 1 1 2 9 3 7 5

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 8 1 2 4 6 8

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 2 2 9 9 2 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 4 . 2 1 1 9 0 6 4 8 8

P ( T < = t ) o n e - t a i l 0 . 0 0 1 9 8 8 1 6 3

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 3 9 7 6 3 2 5

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 6 0 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 2 5 6 2 5

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 7 6 2 1 1 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 8 1 7 3 9 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 5 . 5 6 0 0 4 7 6 2 4

P ( T < = t ) o n e - t a i l 0 . 0 0 0 4 2 5 4 3 6

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o — t a i l 0 . 0 0 0 8 5 0 8 7 2

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 7 8



M a s s R a y

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

0 H o u r s 6 5 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 2 2 7 0 8 3 3

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 7 7 7 3 8 8

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 3 7 1 5 8 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 5 . 1 5 8 4 2 8 4 5 9

P ( T < = t ) o n e - t a i l 0 . 0 0 0 6 5 5 8 6 6

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 3 1 1 7 3 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 7 0 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 1 8 7 5

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 7 6 3 3 3 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 1 3 1 6 3 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 5 . 2 1 1 5 5 6 6 7 3

P ( T < = t ) o n e - t a i l 0 . 0 0 0 6 1 8 6 0 4

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 2 3 7 2 0 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 7 5 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 1 8 7 5

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 7 6 3 3 3 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 8 1 3 1 6 3 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 5 . 2 1 1 5 5 6 6 7 3

P ( T < = t ) o n e - t a i l 0 . 0 0 0 6 1 8 6 0 4

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o — t a i l 0 . 0 0 1 2 3 7 2 0 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

A p p e n d i x J c o n t i n u e d .

5 7 9



M a s s R a y

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

0 H o u r s 8 0 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 1 5 6 2 5

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 7 6 4 2 6 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 7 6 0 7 6 1 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 4 . 9 2 2 7 3 0 4 1 1

P ( T < = t ) o n e - t a i l 0 . 0 0 0 8 5 4 1 6 4

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 7 0 8 3 2 8

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 8 5 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 1 5 6 2 5

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 7 6 4 2 6 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 7 6 0 7 6 1 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 4 . 9 2 2 7 3 0 4 ] 1

P ( T < = t ) o n e - t a i l 0 . 0 0 0 8 5 4 1 6 4

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 7 0 8 3 2 8

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 9 0 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 1 0 8 3 3 3 3

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 7 6 4 5 6 3

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 6 8 0 5 2 5 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 4 . 6 7 1 0 6 8 5 5 8

P ( T < = t ) o n e - t a i l 0 . 0 0 1 1 4 2 3 1 4

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 2 2 8 4 6 2 7

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 8 0

 



M a s s R a y

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

0 H o u r s 9 5 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 1 0 9 3 7 5

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 7 7 4 6 4 2

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 6 9 4 5 1 2 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 4 . 9 1 2 6 4 0 5 6 2

P ( T < = t ) o n e - t a i l 0 . 0 0 0 8 6 4 0 2 7

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 1 7 2 8 0 5 4

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

0 H o u r s 1 0 0 0 H o u r s

M e a n 0 . 1 1 6 7 0 8 3 3 3 0 . 1 0 9 5 2 0 8 3 3

V a r i a n c e 0 . 0 0 1 8 0 2 8 0 8 0 . 0 0 1 6 7 7 0 0 3

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 7 4 2 6 0 8 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 6 . 0 6 7 5 9 0 2 2 2

P ( T < = t ) o n e - t a i l 0 . 0 0 0 2 5 3 5 2 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 0 0 5 0 7 0 5

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

A p p e n d i x J c o n t i n u e d .

5 8 1

 



M a s s R a y - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

5 0 h o u r s 1 0 0 H o u r s

M e a n 0 . 1 1 6 5 8 3 3 3 3 0 . 1 1 6 5 4 1 6 6 7

V a r i a n c e 0 . 0 0 1 8 1 4 4 7 6 0 . 0 0 1 8 1 6 4 9 8

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 9 6 3 3

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 1

P ( T < = t ) o n e - t a i l 0 . 1 7 5 3 0 8 3 3 1

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 3 5 0 6 1 6 6 6 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

1 0 0 H o u r s 1 5 0 H o u r s

M e a n 0 . 1 1 6 5 4 1 6 6 7 0 . 1 1 5 7 7 0 8 3 3

V a r i a n c e 0 . 0 0 1 8 1 6 4 9 8 0 . 0 0 1 8 3 9 6 8 2

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 6 2 9 5 0 5

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 1 . 8 2 4 4 4 1 3 7 1

P ( T < = t ) o n e - t a i l 0 . 0 5 5 4 2 2 3 9 7

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 1 1 0 8 4 4 7 9 4

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

1 5 0 H o u r s 2 0 0 H o u r s

M e a n 0 . 1 1 5 7 7 0 8 3 3 0 . 1 1 5 1 8 7 5

V a r i a n c e 0 . 0 0 1 8 3 9 6 8 2 0 . 0 0 1 8 5 6 5 7 5

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 8 1 6 1 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 2 . 3 9 0 9 5 5 1 7 9

P ( T < = t ) o n e - t a i l 0 . 0 2 4 0 5 0 6 1 7

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 4 8 1 0 1 2 3 4

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .

5 8 2



M a s s R a y - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

 

2 0 0 H o u r s 2 5 0 H o u r s

M e a n 0 . 1 1 5 1 8 7 5 0 . 1 1 3 7 9 1 6 6 7

V a r i a n c e 0 . 0 0 1 8 5 6 5 7 5 0 . 0 0 1 8 1 4 3 8 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 2 5 9 7 ] 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 2 2 9 4 8 0 5 0 8 6

P ( T < = t ) o n e - t a i l 0 . 0 2 7 7 0 6 8 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 5 5 4 1 3 6 9 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

2 5 0 H o u r s 3 0 0 H o u r s

M e a n 0 . 1 1 3 7 9 1 6 6 7 0 . 1 1 3 7 9 1 6 6 7

V a r i a n c e 0 . 0 0 1 8 1 4 3 8 7 0 . 0 0 1 8 1 4 3 8 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

3 0 0 H o u r s 3 5 0 H o u r s

M e a n 0 . 1 1 3 7 9 1 6 6 7 0 . 1 1 3 7 9 1 6 6 7

V a r i a n c e 0 . 0 0 1 8 1 4 3 8 7 0 . 0 0 1 8 1 4 3 8 7

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i fl e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / 0 !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !

A p p e n d i x J c o n t i n u e d .

5 8 3

 



M a s s R a y - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

3 5 0 H o u r s 4 0 0 H o u r s

M e a n 0 . 1 1 3 7 9 1 6 6 7 0 . 1 1 3 1 2 5

V a r i a n c e 0 . 0 0 1 8 1 4 3 8 7 0 . 0 0 1 8 2 3 0 6 2

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 5 2 7 1 9 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 1 . 4 3 3 5 4 3 1 1 8

P ( T < = t ) o n e - t a i l 0 . 0 9 7 4 0 9 6 4 1

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 1 9 4 8 1 9 2 8 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

4 0 0 H o u r s 4 5 0 H o u r s

M e a n 0 . 1 1 3 1 2 5 0 . 1 1 3 1 2 5

V a r i a n c e 0 . 0 0 1 8 2 3 0 6 2 0 . 0 0 1 8 2 3 0 6 2

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

4 5 0 H o u r s 5 0 0 H o u r s

M e a n 0 . 1 1 3 1 2 5 0 . 1 1 3 1 2 5

V a r i a n c e 0 . 0 0 1 8 2 3 0 6 2 0 . 0 0 1 8 2 3 0 6 2

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !
 

A p p e n d i x J c o n t i n u e d .

5 8 4

 



M a s s R a y - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

5 0 0 H o u r s 5 5 0 H o u r s

M e a n 0 . 1 1 3 1 2 5 0 . 1 1 2 9 3 7 5

V a r i a n c e 0 . 0 0 1 8 2 3 0 6 2 0 . 0 0 1 8 1 2 4 6 8

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 2 6 8 8 4

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 1

P ( T < = t ) o n e - t a i l 0 . 1 7 5 3 0 8 3 3 1

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 3 5 0 6 1 6 6 6 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

5 5 0 H o u r s 6 0 0 H o u r s

M e a n 0 . 1 1 2 9 3 7 5 0 . 1 1 2 5 6 2 5

V a r i a n c e 0 . 0 0 1 8 1 2 4 6 8 0 . 0 0 1 7 6 2 1 1 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 8 4 4 9 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( I f 7

t S t a t 1

P ( T < = t ) o n e - t a i l 0 . 1 7 5 3 0 8 3 3 1

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 3 5 0 6 1 6 6 6 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

6 0 0 H o u r s 6 5 0 H o u r s

M e a n 0 . 1 1 2 5 6 2 5 0 . 1 1 2 2 7 0 8 3 3

V a r i a n c e 0 . 0 0 1 7 6 2 1 1 1 0 . 0 0 1 7 7 7 3 8 8

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 8 1 7 0 3 9

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 1

0 . 1 7 5 3 0 8 3 3 1

1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) o n e - t a i l

t C r i t i c a l o n e - t a i l

 

P ( T < = t ) t w o - t a i l 0 3 5 0 6 1 6 6 6 3
t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

A p p e n d i x J c o n t i n u e d .

5 8 5  



M a s s R a y - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

6 5 0 H o u r s 7 0 0 H o u r s

M e a n 0 . 1 1 2 2 7 0 8 3 3 0 . 1 1 1 8 7 5

V a r i a n c e 0 . 0 0 1 7 7 7 3 8 8 0 . 0 0 1 7 6 3 3 3 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 1 8 3 6 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 1 . 9 8 8 6 2 1 7 8 1

P ( T < = t ) o n e - t a i l 0 . 0 4 3 5 3 4 0 0 6

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 8 7 0 6 8 0 ] 1

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

7 0 0 H o u r s 7 5 0 H o u r s

M e a n 0 . 1 1 1 8 7 5 0 . 1 1 1 8 7 5

V a r i a n c e 0 . 0 0 1 7 6 3 3 3 1 0 . 0 0 1 7 6 3 3 3 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

7 5 0 H o u r s 8 0 0 H o u r s

M e a n 0 . 1 1 1 8 7 5 0 . 1 1 1 5 6 2 5

V a r i a n c e 0 . 0 0 1 7 6 3 3 3 1 0 . 0 0 1 7 6 4 2 6 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 0 4 5 5 7

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 1 . 5 2 3 0 1 9 2 4 8

P ( T < = t ) o n e - t a i l 0 . 0 8 5 7 8 5 8 4 3

1 . 8 9 4 5 7 7 5 0 8

0 . 1 7 1 5 7 1 6 8 5
2 . 3 6 4 6 2 2 5 6

t C r i t i c a l o n e - t a i l

P ( T < = t ) t w o - t a i l

t C r i t i c a l t w o - t a i l
 

A p p e n d i x J c o n t i n u e d .

5 8 6

 



M a s s R a y - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

 

 

 

 

 

 

 

8 0 0 H o u r s 8 5 0 H o u r s

M e a n 0 . 1 1 1 5 6 2 5 0 . 1 1 1 5 6 2 5

V a r i a n c e 0 . 0 0 1 7 6 4 2 6 1 0 . 0 0 1 7 6 4 2 6 1

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 1

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t # D I V / O !

P ( T < = t ) o n e - t a i l # D I V / O !

t C r i t i c a l o n e - t a i l # D I V / O !

P ( T < = t ) t w o - t a i l # D I V / O !

t C r i t i c a l t w o - t a i l # D I V / O !

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

8 5 0 H o u r s 9 0 0 H o u r s

M e a n 0 . 1 1 1 5 6 2 5 0 . 1 1 1 0 8 3 3 3 3

V a r i a n c e 0 . 0 0 1 7 6 4 2 6 1 0 . 0 0 1 7 6 4 5 6 3

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 7 7 1 8 6 6

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 1 . 5 1 0 4 8 9 1 0 2

P ( T < = t ) o n e - t a i l 0 . 0 8 7 3 3 3 8 3 8

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 1 7 4 6 6 7 6 7 6

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

9 0 0 H o u r s 9 5 0 H o u r s

M e a n 0 . 1 1 1 0 8 3 3 3 3 0 . 1 1 0 9 3 7 5

V a r i a n c e 0 . 0 0 1 7 6 4 5 6 3 0 . 0 0 1 7 7 4 6 4 2

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 8 2 8 9 2

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

d f 7

t S t a t 1 . 5 0 7 1 5 7 3 1 7

P ( T < = t ) o n e - t a i l 0 . 0 8 7 7 4 9 7 2 5

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 1 7 5 4 9 9 4 4 9

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6
 

A p p e n d i x J c o n t i n u e d .
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M a s s R a y - b e t w e e n i n t e r v a l s

t - T e s t : P a i r e d T w o S a m p l e f o r M e a n s

 

9 5 0 H o u r s 1 0 0 0 H o u r s
 

 

M e a n 0 . 1 1 0 9 3 7 5 0 . 1 0 9 5 2 0 8 3 3

V a r i a n c e 0 . 0 0 1 7 7 4 6 4 2 0 . 0 0 1 6 7 7 0 0 3

O b s e r v a t i o n s 8 8

P e a r s o n C o r r e l a t i o n 0 . 9 9 9 9 1 0 3 8

H y p o t h e s i z e d M e a n D i f f e r e n c e 0

( i f 7

t S t a t 3 . 0 8 1 8 2 6 1 7 6

P ( T < = t ) o n e - t a i l 0 . 0 0 8 8 8 4 8 7 2

t C r i t i c a l o n e - t a i l 1 . 8 9 4 5 7 7 5 0 8

P ( T < = t ) t w o - t a i l 0 . 0 1 7 7 6 9 7 4 3

t C r i t i c a l t w o - t a i l 2 . 3 6 4 6 2 2 5 6

A p p e n d i x J c o n t i n u e d .
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A g a s s i z , L . 1 8 3 3 - 1 8 4 3 . R e c h e r c h e s s u r l e s P o i s s o n s f o s s i l e s . P e t i t p i e r r e , N e u c h a t e l e t

S o l e u r e . 5 v o l u m e s . 1 4 2 0 .

A n d r e , W . 1 7 8 4 . A d e s c r i p t i o n o f t h e t e e t h o f t h e A n a r r h i c h a s l u p u s L i n n a e i , a n d t h o s e
o f t h e C h a e t o d o n n i g r i c a n s o f t h e s a m e a u t h o r ; t o w h i c h i s a d d e d , a n a t t e m p t t o
p r o v e t h a t t h e t e e t h o f c a r t i l a g i n o u s fi s h e s a r e p e r p e t u a l l y r e n e w e d . P h i l o s o p h i c a l
T r a n s a c t i o n s o f t h e R o y a l S o c i e t y o f L o n d o n . 7 4 ( 1 7 8 4 ) : 2 7 4 - 2 8 2 .

A n s t e y , R . L . , P a c h u t , J . F . , a n d T u c k e y , M E . 2 0 0 3 . P a t t e r n s o f b r y o z o a n e n d e m i s m
t h r o u g h t h e O r d o v i c i a n — S i l u r i a n t r a n s i t i o n . P a l e o b i o l o g y . 2 9 ( 3 ) : 3 0 5 — 3 2 8 .

A n t u n e s , M . T . 1 9 7 2 . L e s S q u a l e s ( C r é t a c é e t T e r t i a i r e ) : i n t é r é t p o u r l a s t r a t i g r a p h i e e t s a
p r o b l é m a t i q u e . M é m o i r e s d u B u r e a u d e r e c h e r c h e s g e ’ o l o g i q u e s e t m i n i e r e s . 7 7
( 1 ) : 3 4 5 - 3 5 5 .

A n t u n e s , M . T . a n d C a p p e t t a , H . 2 0 0 2 . S é l a c i e n s d u C r é t a c e ’ ( A l b i e n - M a a s t r i c h t i e n )
d ’ A n g o l a . P a l a e o n t o g r a p h i c a , A b t e i l u n g A : P a l a e o z o o l o g i e - S t r a t i g r a p h i c . 2 6 4
( 5 - 6 ) : 8 5 - 1 4 6 .

A p p l e g a t e , S P . 1 9 6 5 . T o o t h t e r m i n o l o g y a n d v a r i a t i o n i n s h a r k s w i t h s p e c i a l r e f e r e n c e
t o t h e s a n d s h a r k , C a r c h a r i a s t a u r u s R a fi n e s q u e . C o n t r i b u t i o n s i n S c i e n c e , L o s
A n g e l e s C o u n t y M u s e u m . 8 6 : 3 - 1 7 .

A p p l e g a t e , S P . 1 9 7 4 . A r e v i s i o n o f t h e h i g h e r t a x a o f o r e c t o l o b i d s . J o u r n a l o f t h e
M a r i n e B i o l o g i c a l A s s o c i a t i o n o f I n d i a . ( 1 9 7 2 p u b l i s h e d 1 9 7 4 ) . 1 4 ( 2 ) : 7 4 3 - 7 5 1 .

A r a m b o u r g , C . 1 9 5 2 . L e s v e r t é b r e ’ s f o s s i l e s d e s g i s e m e n t s d e p h o s p h a t e s ( M a r o c -
A l g e r i e - T u n i s i e ) . N o t e s e t M é m o i r e s d u S e r v i c e G e ’ o l o g i q u e d u M a r o c . 9 2 . 3 7 2 .

A r g a s t , S . , F a r l o w , J . O . , G a b e t , R . M . , a n d B r i n k m a n , D . L . 1 9 8 7 . T r a n s p o r t - i n d u c e d

a b r a s i o n o f f o s s i l r e p t i l i a n t e e t h : I m p l i c a t i o n s f o r t h e e x i s t e n c e o f T e r t i a r y
d i n o s a u r s i n t h e H e l l C r e e k F o r m a t i o n , M o n t a n a . G e o l o g y . 1 5 : 9 2 7 - 9 3 0 .

A r r a t i a , G . 1 9 9 9 . T h e m o n o p h y l y o f T e l e o s t e i a n d s t e m - g r o u p t e l e o s t s . C o n s e n s u s a n d
d i s a g r e e m e n t s . I n A r r a t i a , G . a n d S h u l t z e , H . - P . ( e d s ) . M e s o z o i c F i s h e s I I :

S y s t e m a t i c s a n d F o s s i l R e c o r d . V e r l a g D r . F . P f e i l , M i i n c h e n . 2 6 5 - 3 3 4 .

B e a v a n , N . a n d R u s s e l l , A P . 1 9 9 9 . A n e l a s m o b r a n c h a s s e m b l a g e f r o m t h e T e r r e s t r i a l -
M a r i n e T r a n s i t i o n a l L e t h b r i d g e C o a l Z o n e ( D i n o s a u r P a r k F o r m a t i o n : U p p e r
C a m p a n i a n ) , A l b e r t a , C a n a d a . J o u r n a l o f P a l e o n t o l o g y . 7 3 ( 3 ) : 4 9 4 - 5 0 3 .

B e h r e n s m e y e r , A K . 1 9 9 1 . T e r r e s t r i a l v e r t e b r a t e a c c u m u l a t i o n s . I n A l l i s o n , R A . a n d
B r i g g s , D . E . G . ( e d s ) . T a p h o n o m y : R e l e a s i n g t h e d a t a l o c k e d i n t h e f o s s i l r e c o r d ,
v o l u m e 9 o f T o p i c s i n G e o l o g y . P l e n u m P r e s s , N e w Y o r k . 2 9 1 - 3 3 5 .

B e r g , L S . 1 9 4 0 . C l a s s i f i c a t i o n o f fi s h e s , b o t h r e c e n t a n d f o s s i l . T r a v a u x d e l ’ I n s t i t u t
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Z o o l o g i q u e d e l ’ A c a d e m i e d e s S c i e n c e s d e l ’ U r s s . 5 : 8 5 - 5 1 7 . [ i n R u s s i a n a n d
E n g l i s h ]

B e r g , L S . 1 9 5 8 . S y s t e m d e r R e z e n t e n u n d F o s s i l e n F i s c h a r t i g e n u n d F i s c h e . V E B
D e u t s c h e r V e r l a g d e r W i s s e n s c h a f t e n , B e r l i n . 3 1 0 .

B e r g m a n , K . M . a n d E b e r t h , D A . 1 9 9 8 . R e g i o n a l c o r r e l a t i o n o f B e l l y R i v e r ( J u d i t h

R i v e r ) G r o u p ( C a m p a n i a n ) , A l b e r t a a n d S a s k a t c h e w a n . I n C h r i s t o p h e r , J . E . ,

G i l b o y , C . F . , P a t e r s o n , D E , a n d B e n d , S . L . ( e d s ) . E i g h t h I n t e r n a t i o n a l W i l l i s t o n
B a s i n S y m p o s i u m . S a s k a t c h e w a n G e o l o g i c a l S o c i e t y S p e c i a l P u b l i c a t i o n N o . 1 3 .
1 4 0 .

B i d d l e , J . P . 1 9 9 3 . L e s E l a s m o b r a n c h s d e l ’ A l b i e n i n f é r i e u r e t m o y e n ( C r é t a c e ’ i n f é r i e u r )

d e l a M a r n e e t d e l a H a u t e — M a r n e ( F r a n c e ) . E l a s m o b r a n c h s e t S t r a t g r a p h i e .
B e l g i a n G e o l o g i c a l S u r v e y , P r o f e s s i o n a l P a p e r 2 6 4 : 1 9 1 - 2 4 0 .

B i g e l o w , H . B . a n d S c h r o e d e r , W C . 1 9 5 3 . C h i m a e r o i d s . I n T e e - V a n , J . , B r e d e r , C . M . ,

P a r r , A . E . , S c h r o e d e r , W . C . , a n d S c h u l t z , L . P . ( e d s ) . F i s h e s o f t h e w e s t e r n N o r t h

A t l a n t i c . M e m o i r s o f t h e S e a r s F o u n d a t i o n f o r M a r i n e R e s e a r c h N o . 1 , P a r t 2 .

Y a l e U n i v e r s i t y , N e w H a v e n . 5 1 5 - 5 8 8 .

B i l e l o , M A . 1 9 6 9 . T h e f o s s i l s h a r k g e n u s S q u a l i c o r a x i n n o r t h — c e n t r a l T e x a s . T h e
T e x a s J o u r n a l o f S c i e n c e . 2 0 ( 4 ) : 3 3 9 - 3 4 8 .

B l a k e , S . 1 9 4 0 . P a r a l b u l a , a n e w f o s s i l fi s h b a s e d o n d e n t a l p l a t e s f r o m t h e E o c e n e a n d

M i o c e n e o f M a r y l a n d . J o u r n a l o f t h e W a s h i n g t o n A c a d e m y o f S c i e n c e s . 3 0 :
2 0 5 - 2 0 9 .

B l a k e y , R . 2 0 0 9 . P a l e o g e o g r a p h y a n d G e o l o g i c E v o l u t i o n o f N o r t h A m e r i c a .
h t t p : / / j a n . u c c . n a u . e d u / ~ r c b 7 /

B l o b , R . W . , C a r r a n o , M . T . , R o g e r s , R . R . , F o r s t e r , C . A . , a n d E s p i n o z a , N . R . 2 0 0 1 . A
n e w f o s s i l f r o g f r o m t h e U p p e r C r e t a c e o u s J u d i t h R i v e r F o r m a t i o n o f M o n t a n a .
J o u r n a l o f V e r t e b r a t e P a l e o n t o l o g y . 2 1 ( 1 ) : 1 9 0 - 1 9 4 .

B o n a p a r t e , C L . 1 8 3 2 . S e l a c h o r u m t a b u l a a n a l y t i c a . N u o v i A n n a l i S c i e n z e n a t u r a l i
( B o l o g n a ) . 1 ( 2 ) : 1 9 5 - 2 1 4 .

B o n a p a r t e , C . L . 1 8 3 4 - 1 8 4 1 . I n c o n o g r a fi a d e l l a f a u n a i t a l i c a , p e r l e q u a t t r o c l a s s i d e g l i
a n i m a l i v e r t e b r a t i . 3 v o l u m e s . U n p a g i n a t e d .

B o w e n , C F . 1 9 1 5 . T h e s t r a t i g r a p h y o f t h e M o n t a n a G r o u p w i t h s p e c i a l r e f e r e n c e t o t h e
p o s i t i o n a n d a g e o f t h e J u d i t h R i v e r F o r m a t i o n i n n o r t h - c e n t r a l M o n t a n a . U n i t e d
S t a t e s G e o l o g i c a l S u r v e y , P r o f e s s i o n a l P a p e r 9 0 - 1 : 9 3 - 1 5 3 .

B r e d e r , C . M . , J r . 1 9 4 2 . T h e S h e d d i n g o f t e e t h b y C a r c h a r i a s l i t t o r a l i s ( M i t c h i l l ) .
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C o p e i a . 1 9 4 2 ( 1 ) : 4 2 - 4 4 .

B r i n k m a n , D B . 1 9 9 0 . P a l e o e c o l o g y o f t h e J u d i t h R i v e r F o r m a t i o n ( C a m p a n i a n ) o f

D i n o s a u r P r o v i n c i a l P a r k , A l b e r t a , C a n a d a : E v i d e n c e f r o m v e r t e b r a t e m i c r o f o s s i l

l o c a l i t i e s . P a l a e o g e o g r a p h y , P a l a e o c l i m a t o l o g y , P a l a e o e c o l o g y . 7 8 ( 1 9 9 0 ) : 3 7 -

5 4 .

B r o w n , B . 1 9 0 7 . T h e H e l l C r e e k b e d s o f t h e U p p e r C r e t a c e o u s o f M o n t a n a . B u l l e t i n o f

t h e A m e r i c a n M u s e u m o f N a t u r a l H i s t o r y . 2 3 : 8 2 3 - 8 4 5 .

B r o w n , B . 1 9 0 8 . T h e A n k y l o s a u r i d a e , a n e w f a m i l y o f a r m o r e d d i n o s a u r s f r o m t h e

U p p e r C r e t a c e o u s . B u l l e t i n o f t h e A m e r i c a n M u s e u m o f N a t u r a l H i s t o r y . 2 4 :
1 8 7 - 2 0 1 .

B r o w n , B . 1 9 1 1 . F o s s i l h u n t i n g b y b o a t i n C a n a d a . T h e A m e r i c a n M u s e u m J o u r n a l .

1 1 : 2 7 3 - 2 8 2 .

B r o w n , B . 1 9 1 2 . A c r e s t e d d i n o s a u r f r o m t h e E d m o n t o n C r e t a c e o u s . B u l l e t i n o f t h e

A m e r i c a n M u s e u m o f N a t u r a l H i s t o r y . 3 1 : 1 3 1 - 1 3 6 .

B r o w n , B . 1 9 1 3 a . T h e s k e l e t o n o f S a u r o l o p h u s , a c r e s t e d d u c k - b i l l e d d i n o s a u r f r o m t h e

E d m o n t o n C r e t a c e o u s . B u l l e t i n o f t h e A m e r i c a n M u s e u m o f N a t u r a l H i s t o r y . 3 2 :

3 8 7 - 3 9 3 .

B r o w n , B . 1 9 1 3 b . A n e w t r a c h o d o n t d i n o s a u r , H y p o c r o s a u r u s , f r o m t h e E d m o n t o n

C r e t a c e o u s o f A l b e r t a . B u l l e t i n o f t h e A m e r i c a n M u s e u m o f N a t u r a l H i s t o r y . 3 2 :

3 9 5 - 4 0 6 .

B r o w n , B . 1 9 1 3 c . A n e w p l e s i o s a u r , L e u r o s p o n d y l u s , f r o m t h e E d m o n t o n C r e t a c e o u s o f
A l b e r t a . B u l l e t i n o f t h e A m e r i c a n M u s e u m o f N a t u r a l H i s t o r y . 3 2 : 6 0 5 - 6 1 5 .

B r o w n , B . 1 9 1 4 a . A n c h i c e r a t o p s , a n e w g e n u s o f h o r n e d d i n o s a u r s f r o m t h e E d m o n t o n
F o r m a t i o n C r e t a c e o u s o f A l b e r t a . W i t h d i s c u s s i o n o f t h e o r i g i n o f t h e c e r a t o p s i a n
c r e s t a n d t h e b r a i n c a s t s o f A n c h i c e r a t o p s a n d T r a c h o d o n . B u l l e t i n o f t h e

A m e r i c a n M u s e u m o f N a t u r a l H i s t o r y . 3 3 : 5 3 9 - 5 4 8 .

B r o w n , B . 1 9 1 4 b . A c o m p l e t e s k u l l o f M o n o c l o n i u s , f r o m t h e B e l l y R i v e r C r e t a c e o u s o f
A l b e r t a . B u l l e t i n o f t h e A m e r i c a n M u s e u m o f N a t u r a l H i s t o r y . 3 3 : 5 4 9 - 5 5 8 .

B r o w n , B . 1 9 1 4 c . C o r y t h o s a u r u s c a s u a r i u s , a n e w c r e s t e d d i n o s a u r f r o m t h e B e l l y
R i v e r C r e t a c e o u s , w i t h p r o v i s i o n a l c l a s s i fi c a t i o n o f t h e f a m i l y T r a c h o d o n t i d a e .
B u l l e t i n o f t h e A m e r i c a n M u s e u m o f N a t u r a l H i s t o r y . 3 3 : 5 5 9 - 5 6 5 .

B r o w n , B . 1 9 1 4 d . L e p t o c e r a t o p s , a n e w g e n u s o f C e r a t o p s i a f r o m t h e E d m o n t o n
C r e t a c e o u s o f A l b e r t a . B u l l e t i n o f t h e A m e r i c a n M u s e u m o f N a t u r a l H i s t o r y . 3 3 :
5 6 7 - 5 8 0 .
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B r o w n , B . 1 9 1 4 e . C r e t a c e o u s E o c e n e c o r r e l a t i o n i n N e w M e x i c o , W y o m i n g , M o n t a n a ,

A l b e r t a . B u l l e t i n o f t h e G e o l o g i c a l S o c i e t y o f A m e r i c a . 2 5 : 3 5 5 - 3 8 0 .

B r o w n , B . 1 9 3 3 a . A g i g a n t i c c e r a t o p s i a n d i n o s a u r , T r i c e r a t o p s m a x i m u s , a n e w s p e c i e s .

A m e r i c a n M u s e u m N o v i t a t e s . 6 4 9 : 1 - 9 .

B r o w n , B . 1 9 3 3 b . A n e w l o n g h o m e d B e l l y R i v e r c e r a t o p s i a n . A m e r i c a n M u s e u m

N o v i t a t e s . 6 6 9 : 1 - 3 .

C a p p e t t a , H . 1 9 7 3 . S e l a c h i a n s f r o m t h e C a r l i l e S h a l e ( T u r o n i a n ) o f S o u t h D a k o t a .

J o u r n a l o f P a l e o n t o l o g y . 4 7 ( 3 ) : 5 0 4 - 5 1 4 .

C a p p e t t a , H . 1 9 7 4 . S c l e r o r h y n c h i d a e n o v . f a m . , P r i s t i d a e e t P r i s t i o p h o r i d a e : u n e x e m p l e

d e p a r a l l é l i s m e c h e z l e s S é l a c i e n s . C o m p t e s - r e n d u s H e b d o m a d a i r e s d e s S é a n c e s

d e l ’ A c a d é m i e d e s S c i e n c e s . 2 7 8 : 2 2 5 - 2 2 8 .  
C a p p e t t a , H . 1 9 8 0 a . M o d i fi c a t i o n d u s t a t u t g é n é r i q u e d e q u e l q u e s e s p e c e s d e S é l a c i e n s

c r é t a c é s e t t e r t i a i r e s . P a l a e o v e r t e b r a t a . 1 0 ( 1 ) : 2 9 - 4 2 .

C a p p e t t a , H . 1 9 8 0 b . L e s S é l a c i e n s d u C r é t a c é s u p é r i e u r d u L i b a n . H : B a t o i ' d e s .

P a l a e o n t o g r a p h i c a , A b t e i l u n g A : P a l a e o z o o l o g i e - S t r a t i g r a p h i e . 1 6 8 ( 5 - 6 ) : 1 4 9 -

2 2 9 .

C a p p e t t a , H . 1 9 8 7 . C h o n d r i c h t h y e s H . M e s o z o i c a n d C e n o z o i c E l a s m o b r a n c h i i :

H a n d b o o k o f P a l e o i c h t h y o l o g y . V o l u m e 3 B . S h u l t z e , H . - P . ( e d ) . G u s t a v F i s c h e r

V e r l a g , S t u t t g a r t a n d N e w Y o r k . 1 9 3 .

C a p p e t t a , H . 1 9 9 2 . N o u v e a u x R h i n o b a t o i d e i ( N e o s e l a c h i i , R a j i f o r m e s ) a d e n t u r e
s p é c i a l i s é e d u M a a s t r i c h t i e n d u M a r o c . R e m a r q u e s s u r l ’ é v o l u t i o n d e n t a i r e d e s

R a j i f o r m e s e t d e s M y l i o b a t i f o r m e s . N e u e s J a h r b u c h f i i r G e o l o g i e u n d

P a l ' a o n t o l o g i e , A b h a n d l u g e n . 1 8 7 ( 1 ) : 3 1 - 5 2 .

C a p p e t t a , H . a n d C a s e , G . R . 1 9 7 5 a . C o n t r i b u t i o n a 1 ’ é t u d e d e s S é l a c i e n s d u G r o u p e

M o n m o u t h ( C a m p a n i e n - M a e s t r i c h t i e n ) d u N e w J e r s e y . P a l a e o n t o g r a p h i c a ,

A b t e i l u n g A : P a l fi e o z o o l o g i e - S t r a t i g r a p h i e . 1 5 1 ( 1 - 3 ) : 1 - 4 6 .

C a p p e t t a , H . a n d C a s e , G . R . 1 9 7 5 b . S é l a c i e n s n o u v e a u x d u C r é t a c é d u T e x a s . G e ’ o b i o s .

8 ( 4 ) : 3 0 3 - 3 0 7 .

C a p p e t t a , H . a n d C a s e , G R . 1 9 9 9 . A d d i t i o n s a u x f a u n e s d e S é l a c i e n s d u C r e ’ t a c e ’ d u
T e x a s ( A l b i e n s u p e ’ r i e u r - C a m p a n i e n ) . P a l a e o I c h t h y o l o g i c a . 9 : 5 - 1 1 1 .

C a r r a n o , M . T . , B l o b , R . W . , F l y n n , J . J . , F o r s t e r , C . A . , a n d R o g e r s , R R . 1 9 9 5 . A d d i t i o n s
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t o t h e f a u n a o f t h e J u d i t h R i v e r F o r m a t i o n ( C a m p a n i a n ) t y p e a r e a , n o r t h - c e n t r a l
M o n t a n a , w i t h p o s s i b l e r a n g e e x t e n s i o n s o f t w o g e n e r a o f E u t h e r i a n m a m m a l s .

J o u r n a l o f V e r t e b r a t e P a l e o n t o l o g y . 1 5 ( s u p p l e m e n t 3 ) : 2 1 A .

C a r r a n o , M . T . , B l o b , R . W . , F l y n n , J . J . , F o r s t e r , C . A . , a n d R o g e r s , R R . 1 9 9 7 . T h e

m a m m a l i a n f a u n a o f t h e J u d i t h R i v e r F o r m a t i o n t y p e a r e a ( C a m p a n i a n , c e n t r a l

M o n t a n a ) r e v i s i t e d . J o u r n a l o f V e r t e b r a t e P a l e o n t o l o g y . 1 7 ( s u p p l e m e n t 3 ) : 3 6 A .

C a s e , G . R . 1 9 7 8 a . A n e w s e l a c h i a n f a u n a f r o m t h e J u d i t h R i v e r F o r m a t i o n ( C a m p a n i a n )
o f M o n t a n a . P a l a e o n t o g r a p h i c a , A b t e i l u n g A : P a l a e o z o o l o g i e - S t r a t i g r a p h i e . 1 6 0
( 1 - 6 ) : 1 7 6 - 2 0 5 .

C a s e , G . R . 1 9 7 8 b . I s c h y o d u s b i f u r c a t u s , a n e w s p e c i e s o f c h i m a e r o i d fi s h f r o m t h e

U p p e r C r e t a c e o u s o f N e w J e r s e y . G é o b i o s . 1 1 ( 1 ) : 2 1 - 2 9 .

C a s e , G R . 1 9 7 9 . A d d i t i o n a l fi s h r e c o r d s f r o m t h e J u d i t h R i v e r F o r m a t i o n ( C a m p a n i a n )

o f M o n t a n a . G é o b i o s . 1 2 ( 2 ) : 2 2 3 - 2 3 3 .

C a s e , G R . 1 9 8 7 . A n e w s e l a c h i a n f a u n a f r o m t h e L a t e C a m p a n i a n o f W y o m i n g ( T e a p o t

S a n d s t o n e M e m b e r , M e s a v e r d e F o r m a t i o n , B i g H o r n B a s i n ) . P a l a e o n t o g r a p h i c a ,

A b t e i l u n g A : P a l a e o z o o l o g i e - S t r a t i g r a p h i e . 1 9 7 ( 1 - 3 ) : 1 - 3 7 .

C a s e , G R . a n d C a p p e t t a , H . 1 9 9 7 . A n e w s e l a c h i a n f a u n a f r o m t h e L a t e M a a s t r i c h t i a n

o f T e x a s ( U p p e r C r e t a c e o u s / N a v a r r o a n ; K e m p F o r m a t i o n ) . M i i n c h n e r

G e o w i s s e n s c h a f t l i c h e , A b h a n d l u g e n , R e i h e A : G e o l o g i e u n d P a l a o n t o l o g i e . 3 4 :

1 3 1 - 1 8 9 .

C a s e , G . R . , T o k a r y k , T . T . , a n d B a i r d , D . 1 9 9 0 . S e l a c h i a n s f r o m t h e N i o b r a r a
F o r m a t i o n o f t h e U p p e r C r e t a c e o u s ( C o n i a c i a n ) o f C a r r o t R i v e r , S a s k a t c h e w a n ,
C a n a d a . C a n a d i a n J o u r n a l o f E a r t h S c i e n c e s . 2 7 ( 8 ) : 1 0 8 4 - 1 0 9 4 .

C a s i e r , E . 1 9 4 7 a . C o n s t i t u t i o n e t e ’ v o l u t i o n d e l a r a c i n e d e n t a i r e d e s E u s e l a c h i i . 1 . N o t e

p r é l i m i n a i r e . B u l l e t i n M u s e e R o y a l e H i s t o i r e N a t u r a l e B e l g e . 2 3 ( 1 3 ) : 1 - 1 5 .

C a s i e r , E . 1 9 4 7 b . C o n s t i t u t i o n e t e v o l u t i o n d e l a r a c i n e d e n t a i r e d e s E u s e l a c h i i . H .

E t u d e c o m p a r a t i v e d e s t y p e s . B u l l e t i n M u s e e R o y a l e H i s t o i r e N a t u r a l e B e l g e . 2 3
( 1 4 ) : 1 - 3 2 .

C a s i e r , E . 1 9 4 7 0 . C o n s t i t u t i o n e t e ’ v o l u t i o n d e l a r a c i n e d e n t a i r e d e s E u s e l a c h i i . I H .

E v o l u t i o n d e s p r i n c i p a u x c a r a c t e r e s m o r p h o l o g i e s e t c o n c l u s i o n s . B u l l e t i n M u s e e
R o y a l e H i s t o i r e N a t u r a l e B e l g e . 2 3 ( 1 5 ) : 1 - 4 5 .

C a v i n , L . , J u r k o v S e k , B . , a n d K o l a r - J u r k o v S e k . 2 0 0 0 . S t r a t i g r a p h i c s u c c e s s i o n o f U p p e r
C r e t a c e o u s fi s h a s s e m b l a g e s o f K r a s ( S l o v e n i a ) . G e o l o g i j a . 4 3 ( 2 ) : 1 6 5 - 1 9 5 ) .

C a w s t o n , F . G . 1 9 3 8 . T h e s u c c e s s i o n o f t e e t h i n s h a r k s , S e l a c h i i . B r i t i s h D e n t a l J o u r n a l .
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6 5 ( 9 ) : 5 7 3 - 5 8 0 .

C a w s t o n , F . G . 1 9 3 9 a . S u c c e s s i o n o f t e e t h i n s h a r k s , S e l a c h i i . T h e J o u r n a l o f T r o p i c a l

M e d i c i n e a n d H y g i e n e . 4 2 ( 7 ) : 7 .

C a w s t o n , F . G . 1 9 3 9 b . S n a k e b i t e s i n S o u t h A f r i c a w i t h s p e c i a l r e f e r e n c e t o t h e i r s o l i d

a n d g r o o v e d t e e t h . T h e J o u r n a l o f T r o p i c a l M e d i c i n e a n d H y g i e n e . 4 2 ( 7 ) : 9 7 -

9 8 .

C a w s t o n , F . G . 1 9 4 0 a . A c o n s i d e r a t i o n o f t h e r e p l a c e m e n t o f t e e t h i n s h a r k s a n d f a n g s i n

s n a k e s . T h e D e n t a l R e c o r d . 6 0 ( 1 1 ) : 4 3 5 - 5 3 9 .

C a w s t o n , F . G . 1 9 4 0 b . A c o n s i d e r a t i o n o f t h e a l l e g e d s u c c e s s i o n o f t e e t h b y r e v o l v i n g o f

t h e t o o t h - b e a r i n g a r e a . T h e S o u t h A f r i c a n D e n t a l J o u r n a l ( S u i d A f r i k a a n s e

T a n d a r t s T y d s k r i f ) . 1 4 ( 1 2 ) : 3 1 2 - 3 1 4 .

C a w s t o n , F . G . 1 9 4 0 c . T h e d e n t i t i o n o f fi s h e s a n d r e p t i l e s w i t h s p e c i a l r e f e r e n c e t o t h e
r e p l a c e m e n t o f t e e t h . T h e I n d i a n J o u r n a l o f V e t e r i n a r y S c i e n c e a n d A n i m a l

H u s b a n d r y . 1 0 : 2 9 7 - 3 0 0 .

C a w s t o n , F . G . 1 9 4 1 a . A n o t e o n t h e d e v e l o p m e n t a n d s u r v i v a l o f t e e t h , e s p e c i a l l y

s e l a c h i a n . T h e D e n t a l R e c o r d . 6 1 : 2 1 9 - 2 9 3 .

C a w s t o n , F . G . 1 9 4 1 b . F u r t h e r o b s e r v a t i o n s o f t h e d e n t i t i o n o f B a t o i d e i . T h e D e n t a l

R e c o r d . 6 1 : 3 2 7 - 3 2 8 .

C a w s t o n , F . G . 1 9 4 1 c . A c o n s i d e r a t i o n o f t h e t e e t h o f e m b r y o n i c a n d i m m a t u r e s k a t e s

a n d r a y s i n r e l a t i o n t o t h e s u c c e s s i o n a l t h e o r y o f t e e t h . T h e S o u t h A f r i c a n D e n t a l

J o u r n a l ( S u i d A f r i k a a n s e T a n d a r t s T y d s k r i f ) . 1 5 : 9 5 - 9 8 .

C a w s t o n , F . G . 1 9 4 1 d . D i e t a n d e - d r a e n d e s t r e e k v a n d i e t a n d v l e e s v a n S e l a c h i i , B a t o i d e i

e n a n d e r v i s s e ( T h e t o o t h - b e a r i n g a r e a o f t h e g u m o f S e l a c h i i , B a t o i d e i , a n d o t h e r
fi s h e s ) . T y d s k r i f v i r w e t e n s k a p e n k u n s : o r g a n v a n d i e S u i d - A f r i k a a n s e

A k a d e m i e v i r T a a l , L e t t e r e e n K u n s . 8 3 - 8 4 .

C a w s t o n , F . G . 1 9 4 4 . T h e s h e d d i n g o f s e l a c h i a n t e e t h a n d i t s r e l a t i o n t o t o o t h

r e p l a c e m e n t i n fi s h e s a n d r e p t i l e s . C o p e i a . 1 9 4 4 ( 3 ) : 1 8 4 - 1 8 5 .

C a w s t o n , F . G . 1 9 4 5 . C o n s i d e r a t i o n o f t h e s u c c e s s i o n a l t h e o r y a s a p p l i e d t o t h e d e n t i t i o n
o f P a g r u s n a s u t u s ( t h e m u s s e l - c r u s h e r ) a n d s o m e o t h e r r e p t i l e s . T r a n s a c t i o n s o f

t h e R o y a l S o c i e t y o f S o u t h A f r i c a . 3 0 : 2 6 7 - 2 7 0 .

C h i p l o n k a r , G . W . a n d B a d v e , R M . 1 9 6 8 . A g e a n d a f fi n i t i e s o f t h e B a g h f a u n a — A r e -
a s s e s s m e n t . B u l l e t i n o f t h e I n d i a n N a t i o n a l S c i e n c e A c a d e m y . P r o c e e d i n g s o f

t h e S y m p o s i u m o n D e c c a n T r a p C o u n t r y . 1 9 - 2 9 . [ i s s u e d i n 1 9 7 3 ]
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C i c i m u r r i , D J . 2 0 0 1 . C r e t a c e o u s e l a s m o b r a n c h s o f t h e G r e e n h o m F o r m a t i o n ( m i d d l e

C e n o m a n i a n - m i d d l e T u r o n i a n ) , w e s t e r n S o u t h D a k o t a . P r o c e e d i n g s o f t h e 6 ‘ h

f o s s i l r e s o u r c e c o n f e r e n c e . 4 5 : 3 7 - 4 3 .

C o b b a n , W A . a n d R e e s i d e , J . B . 1 9 5 2 . C o r r e l a t i o n o f t h e C r e t a c e o u s f o r m a t i o n s o f t h e

w e s t e r n i n t e r i o r o f t h e U n i t e d S t a t e s . G e o l o g i c a l S o c i e t y o f A m e r i c a B u l l e t i n .

6 3 : 1 0 1 1 - 1 0 4 4 .

C o m p a g n o , L . J . V . 1 9 7 3 . I n t e r r e l a t i o n s h i p s o f l i v i n g e l a s m o b r a n c h s . I n G r e e n w o o d ,

P . H . , M i l e s , R S , a n d P a t t e r s o n , C . ( e d s ) . I n t e r r e l a t i o n s h i p s o f fi s h e s . Z o o l o g i c a l

J o u r n a l o f t h e L i n n e a n S o c i e t y S u p p l e m e n t a l N o 1 . 5 3 : 1 5 - 6 1 .

C o m p a g n o , L . J . V . 1 9 7 7 . P h y l e t i c r e l a t i o n s h i p s o f l i v i n g s h a r k s a n d r a y s . A m e r i c a n

Z o o l o g i s t . 1 7 : 3 0 3 - 3 2 2 .

C o p e , E D . 1 8 6 9 . S y n o p s i s o f t h e e x t i n c t B a t r a c h i a , R e p t i l i a , a n d A v e s o f N o r t h

A m e r i c a . T r a n s a c t i o n s o f t h e A m e r i c a n P h i l o s o p h i c a l S o c i e t y . 1 4 : 1 - 2 5 2 . [ o n l y

p p . 1 - 1 0 4 w e r e p u b l i s h e d i n 1 8 6 9 ; t h e r e m a i n d e r w a s i s s u e d i n t w o i n s t a l l m e n t s i n

1 8 7 0 ]

C o p e , E D . 1 8 7 4 . R e v i e w o f t h e V e r t e b r a t a o f t h e C r e t a c e o u s p e r i o d f o u n d w e s t o f t h e

M i s s i s s i p p i R i v e r . B u l l e t i n o f t h e U n i t e d S t a t e s G e o l o g i c a l a n d G e o g r a p h i c a l

S u r v e y o f t h e T e r r i t o r i e s . 2 : 3 - 4 8 .

C o p e , E . D . 1 8 7 6 a . D e s c r i p t i o n s o f s o m e v e r t e b r a t e r e m a i n s f r o m t h e F o r t U n i o n b e d s o f

M o n t a n a . P r o c e e d i n g s o f t h e A c a d e m y o f N a t u r a l S c i e n c e s o f P h i l a d e l p h i a . 2 8 :

2 4 8 - 2 6 1 .

C o p e , E . D . 1 8 7 6 b . O n s o m e e x t i n c t r e p t i l e s a n d b a t r a c h i a n s f r o m t h e J u d i t h R i v e r a n d

F o x H i l l s b e d s o f M o n t a n a . P r o c e e d i n g s o f t h e A c a d e m y o f N a t u r a l S c i e n c e s o f

P h i l a d e l p h i a . 2 8 : 3 4 0 - 3 5 9 .

C o p e , E D . 1 8 7 7 . R e p o r t o n t h e g e o l o g y o f t h e r e g i o n o f t h e J u d i t h R i v e r , M o n t a n a a n d

o n v e r t e b r a t e f o s s i l s o b t a i n e d o n o r n e a r t h e M i s s o u r i R i v e r . B u l l e t i n o f t h e

U n i t e d S t a t e s G e o l o g i c a l a n d G e o g r a p h i c a l S u r v e y o f t h e T e r r i t o r i e s . 3 : 5 6 5 - 5 9 7 .

C u n y , G . , S u t e e t h o m , V . , K a m h a , S . , a n d B u f f e t a u t , E . 2 0 0 8 . H y b o d o n t s h a r k s f r o m t h e

l o w e r C r e t a c e o u s K h o k K r u a t F o r m a t i o n o f T h a i l a n d , a n d h y b o d o n t d i v e r s i t y

d u r i n g t h e E a r l y C r e t a c e o u s . I n C a v i n , L . , L o n g b o t t o n , A . , a n d R i c h t e r , M .

F i s h e s a n d B r e a k - u p o f P a n g a e a . G e o l o g i c a l S o c i e t y o f L o n d o n , S p e c i a l

P u b l i c a t i o n s . 2 9 5 : 9 3 - 1 0 7 .

D a r t e v e l l e , E . a n d C a s i e r , E . 1 9 4 3 . L e s p o i s s o n s f o s s i l e s d u B a s - C o n g o e t d e r e ’ g i o n s

V o i s i n e s ( P r e m i e r e P a r t i e ) . A n n a l e s d u M u s e e R o y a l d u C o n g o B e l g e .

M i n é r a l o g i e , G e o l o g i c , P a l é o n t o l o g i e . S e r i e A . 2 : 1 - 2 0 0 .
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D a v i s , J . W . 1 8 9 0 . O n t h e f o s s i l fi s h o f t h e C r e t a c e o u s f o r m a t i o n s o f S c a n d i n a v i a .

S c i e n t i fi c T r a n s a c t i o n s o f t h e R o y a l D u b l i n S o c i e t y . 4 : 3 6 3 - 4 3 4 .

D a w s o n , G M . 1 8 8 3 . P r e l i m i n a r y r e p o r t o n t h e g e o l o g y o f t h e B o w a n d B e l l y R i v e r s

r e g i o n , N o r t h w e s t T e r r i t o r y , w i t h s p e c i a l r e f e r e n c e t o t h e c o a l d e p o s i t s . C a n a d a

G e o l o g i c a l S u r v e y , R e p o r t o f P r o g r e s s f o r 1 8 8 0 - 1 8 8 2 : 1 - 2 3 .

D a w s o n , G . M . 1 8 8 4 a . R e p o r t o n t h e r e g i o n i n t h e v i c i n i t y o f t h e B o w a n d B e l l y R i v e r s ,

N o r t h w e s t T e r r i t o r y . C a n a d a G e o l o g i c a l S u r v e y , R e p o r t o f P r o g r e s s f o r 1 8 8 2 -

1 8 8 4 , s e c t i o n C , p a r t 4 : 1 c - 1 6 9 c .

D a w s o n , G . M . 1 8 8 4 b . R e c e n t g e o l o g i c a l o b s e r v a t i o n s i n t h e C a n a d i a n N o r t h w e s t

T e r r i t o r y . S c i e n c e . 3 ( 6 9 ) : 6 4 7 - 6 4 8 .

D a w s o n , J . W . 1 8 8 6 . O n t h e M e s o z o i c fl o r a s o f t h e R o c k y M o u n t a i n r e g i o n o f C a n a d a .

P r o c e e d i n g s a n d T r a n s a c t i o n s o f t h e R o y a l S o c i e t y o f C a n a d a . D e l i b e r a t i o n s e t

m é m o i r e s d e l a S o c i é t é r o y a l e d u C a n a d a . 3 : 1 - 2 2 .  d e B r i t o C a p e l l o , F . 1 8 6 7 . D e s c r i p t i o n d e t r o i s n o u v e a u x p o i s s o n s d e s m e r s d u P o r t u g a l .

J o r n a l d e S c i e n c i a s M a t h e m a t i c a s , P h y s i c a s , e N a t u r a e s . 1 ( 4 ) : 3 1 8 - 3 2 2 .

d e B r i t o C a p e l l o , F . 1 8 6 8 . D e s c r i p c a o d e d o i s p e i x e s n o v o s p r o v e n i e n t e s d o s m a r e s d e

P o r t u g a l . J o m a l d e S c i e n c i a s M a t h e m a t i c a s , P h y s i c a s , e N a t u r a e s . 1 ( 4 ) : 3 1 4 -

3 1 7 .

D e s l a t e , D . , D u f fi n , C . J . , a n d W e i s , R . 2 0 0 2 . A n e w m i c r o v e r t e b r a t e f a u n a f r o m t h e

m i d d l e H e t t a n g i a n ( E a r l y J u r a s s i c ) o f F o n t e n o i l l e ( p r o v i n c e o f L u x e m b o u r g ,

S o u t h B e l g i u m ) . M e m o i r s o f t h e G e o l o g i c a l S u r v e y o f B e l g i u m . N o . 4 8 : 1 - 8 3 .

D e y n a t , R P . 1 9 9 8 . L e r e v é t e m e n t c u t a n é d e s r a i e s ( C h o n d r i c h t h y e s , E l a s m o b r a n c h i i ,

B a t o i d e a ) . H . M o r p h o l o g i e e t a r r a n g e m e n t d e s t u b e r c u l e s c u t a n e ’ s . A n n a l e s d e s

S c i e n c e s N a t u r e l l e s , Z o o l o g i e . 1 9 ( 3 - 4 ) : 1 5 5 - 1 7 2 .

D e y n a t , P . P . 2 0 0 0 a . L e s d e n t i c u l e s m y r m é c o ' l ' d e s , u n n o u v e a u x c a r a c t é r e d i a g n o s t i q u e

p o u r l e s R a j i d a e ( C h o n d r i c h t h y e s , B a t o i d e a ) . A n n a l e s d e s S c i e n c e s N a t u r e l l e s ,

Z o o l o g i e . 2 1 ( 2 ) : 6 5 - 8 0 .

D e y n a t , P . P . 2 0 0 0 b . D e r m a l d e n t i c l e m o r p h o l o g y W i t h i n b a t o i d r a y s : a r e v i e w . I n

P r o c e e d i n g s o f t h e 3 r d E u r o p e a n E l a s m o b r a n c h A s s o c i a t i o n M e e t i n g , B o u l o g n e -

s u r — M e r 1 9 9 9 . S e ’ r e t B . a n d S i r e , J . - Y . ( e d s ) . S o c i é t é F r a n c a i s e d ’ I c h t y o l o g i e &

1 R D , P a r i s . 1 5 - 2 7 .

D e y n a t , R P . a n d S é r e t , B . 1 9 9 6 . L e r e v é t e m e n t c u t a n é d e s r a i e s ( C h o n d i c h t h y e s ,

E l a s m o b r a n c h i i , B a t o i d e a ) . I . M o r p h o l o g i e e t a r r a n g e m e n t d e s d e n t i c u l e s
c u t a n é s . A n n a l e s d e s S c i e n c e s N a t u r e l l e s , Z o o l o g i e . 1 7 ( 2 ) : 6 5 - 8 3 .
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D o w l i n g , D B . 1 9 1 5 . S o u t h e r n A l b e r t a . C a n a d a G e o l o g i c a l S u r v e y , S u m m a r y R e p o r t

f o r 1 9 1 4 . 3 : 4 3 - 5 1 .

D o w l i n g , D B . 1 9 1 7 . T h e S o u t h e r n A l b e r t a P l a i n s . G e o l o g i c a l S u r v e y o f C a n a d a ,
M e m o i r 9 3 . 7 8 : 1 - 2 0 0 .

E b e r t h , D . A . , B r a m a n , D R , a n d T o k a r y k , T . T . 1 9 9 0 . S t r a t i g r a p h y , s e d i m e n t o l o g y a n d
v e r t e b r a t e p a l e o n t o l o g y o f t h e J u d i t h R i v e r F o r m a t i o n ( C a m p a n i a n ) n e a r M u d d y

L a k e , w e s t - c e n t r a l S a s k a t c h e w a n . B u l l e t i n o f C a n a d i a n P e t r o l e u m G e o l o g y . 3 8

( 4 ) : 3 8 7 - 4 0 6 .

E f r e m o v , I . A . 1 9 4 0 . T a p h o n o m y : a n e w b r a n c h o f p a l e o n t o l o g y . P a n - A m e r i c a n

G e o l o g i s t . 7 4 ( 2 ) : 8 1 - 9 3 .

E g e r t o n , P G . 1 8 4 3 . O n s o m e n e w s p e c i e s o f f o s s i l c h i m a e r o i d fi s h e s , w i t h r e m a r k s o n
t h e i r g e n e r a l a f fi n i t i e s . P r o c e e d i n g s o f t h e G e o l o g i c a l S o c i e t y o f L o n d o n . 4 ( 1 ) ,

N o . 9 4 : 1 5 3 - 1 5 7 .

E l d r i d g e , G . H . 1 8 8 9 . S o m e s u g g e s t i o n s u p o n t h e m e t h o d s o f g r o u p i n g t h e f o r m a t i o n s o f
t h e m i d d l e C r e t a c e o u s a n d t h e e m p l o y m e n t o f a n a d d i t i o n a l t e r m i n i t s

n o m e n c l a t u r e . A m e r i c a n J o u r n a l o f S c i e n c e . 3 8 ( 2 2 6 ) : 3 1 3 - 3 2 1 .

E l y , J . C . 1 9 9 5 . A b r a s i o n f e a t u r e s o f v e r t e b r a t e t e e t h a s a s u b j e c t i v e i n d e x o f r e w o r k i n g .
J o u r n a l o f V e r t e b r a t e P a l e o n t o l o g y . 1 5 ( s u p p l e m e n t 3 ) : 2 7 A — 2 8 A .

E l y , J . C . a n d R i g b y , J . K . , J r . 1 9 8 9 . A b r a s i o n f e a t u r e s o n v e r t e b r a t e t e e t h a s a s u b j e c t i v e

i n d e x o f t r a n s p o r t d i s t a n c e a n d e x p o s u r e t o t r a c t i o n / s a l t a t i o n l o a d s . G e o l o g i c a l

S o c i e t y o f A m e r i c a , A b s t r a c t s w i t h P r o g r a m s . 2 1 ( 7 ) : A 9 7 .

E s t e s , R . 1 9 6 4 . F o s s i l v e r t e b r a t e s f r o m t h e L a t e C r e t a c e o u s L a n c e F o r m a t i o n e a s t e r n

W y o m i n g . U n i v e r s i t y o f C a l i f o r n i a P u b l i c a t i o n s i n G e o l o g i c a l S c i e n c e s . 4 9 : l -

1 8 6 .

E s t e s , R . 1 9 6 9 a . S t u d i e s o n f o s s i l p h y l l o d o n t fi s h e s : I n t e r r e l a t i o n s h i p s a n d e v o l u t i o n i n

t h e P h y l l o d o n t i d e a ( A l b u l o i d e i ) . C o p e i a . 1 9 6 9 ( 2 ) : 3 1 7 - 3 3 1 .

E s t e s , R . 1 9 6 9 b . R e l a t i o n s h i p s o f t w o C r e t a c e o u s l i z a r d s ( S a u r i a , T e i i d a e ) . B r e v i o r a .

3 1 7 : 1 - 8 .

E s t e s , R . 1 9 6 9 c . T h e f o s s i l r e c o r d o f a m p h i u m i d s a l a m a n d e r s . B r e v i o r a . 3 2 2 : 1 - 1 1 .

E s t e s , R . 1 9 6 % . A n e w f o s s i l d i s c o g l o s s i d f r o g f r o m M o n t a n a a n d W y o m i n g .

B r e v i o r a . 3 2 8 : 1 - 7 .

E s t e s , R . 1 9 6 9 c . A s c i n c o i d l i z a r d f r o m t h e C r e t a c e o u s a n d P a l e o c e n e o f M o n t a n a .

B r e v i o r a . 3 3 1 : 1 - 9 .
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E s t e s , R . 1 9 6 9 f . T w o n e w L a t e C r e t a c e o u s f i s h e s f r o m M o n t a n a a n d W y o m i n g .

B r e v i o r a . 3 3 5 : 1 - 1 5 .

E s t e s , R . a n d B e r b e r i a n , P . 1 9 6 9 . A m i a ( = K i n d l e i a ) f r a g o s a ( J o r d a n ) , a C r e t a c e o u s

a m i i d fi s h , w i t h n o t e s o n r e l a t e d E u r o p e a n f o r m s . B r e v i o r a . 3 2 9 : 1 - 1 4 .

E s t e s , R . A n d B e r b e r i a n , P . 1 9 7 0 . P a l e o e c o l o g y o f a L a t e C r e t a c e o u s v e r t e b r a t e

c o m m u n i t y f r o m M o n t a n a . B r e v i o r a . 3 4 3 : 1 - 3 5 .

E s t e s , R . , B e r b e r i a n , P . , a n d M e s z o e l y , A M . 1 9 6 9 . L o w e r v e r t e b r a t e s f r o m t h e L a t e 1 1 '

C r e t a c e o u s H e l l C r e e k F o r m a t i o n , M c C o n e C o u n t y , M o n t a n a . B r e v i o r a . 3 3 7 : 1 - -

3 3 .

E v e t t s , M . J . 1 9 7 9 . U p p e r C r e t a c e o u s s h a r k s f r o m t h e B l a c k H i l l s r e g i o n , W y o m i n g a n d

S o u t h D a k o t a . T h e M o u n t a i n G e o l o g i s t . 1 6 ( 2 ) : 5 9 - 6 6 .

F i s h e r , R A . 1 9 5 4 . S t a t i s t i c a l m e t h o d s f o r r e s e a r c h w o r k e r s . B i o l o g i c a l M o n o g r a p h s

a n d M a n u a l s N o . V . 1 2 ‘ h e d i t i o n r e v i s e d . H a f n e r P u b l i s h i n g C o m p a n y , I n c . , N e w

Y o r k . 3 5 6 .

 
F o r t e y , R A , a n d C o c k s , L . R . M . 1 9 9 2 . T h e e a r l y P a l a e o z o i c o f t h e N o r t h A t l a n t i c

r e g i o n a s a t e s t c a s e f o r t h e u s e o f f o s s i l s i n c o n t i n e n t a l r e c o n s t r u c t i o n .
T e c t o n o p h y s i c s . 2 0 6 : 1 4 7 - 1 5 8 .

F o x , R C . 1 9 7 2 . A p r i m i t i v e t h e r i a n m a m m a l f r o m t h e U p p e r C r e t a c e o u s o f A l b e r t a .

C a n a d i a n J o u r n a l o f E a r t h S c i e n c e s . 9 : 1 4 7 9 - 1 4 9 4 .

G a r m a n , S . 1 9 0 1 . G e n e r a a n d f a m i l i e s o f t h e C h i m a e r o i d s . P r o c e e d i n g s o f t h e N e w

E n g l a n d Z o o l o g i c a l C l u b . 2 : 7 5 - 7 7 .

G e s n e r , K . 1 5 5 8 . H i s t o r i a e A n i m a l i u m L i b e r I I I I , q u i e s t d e P i s c u m & a q u a t i l i u m
A n i m a n t i u m N a t u r a . T i g u r i .

G i l l , J . R . a n d C o b b a n , W A . 1 9 7 3 . S t r a t i g r a p h y a n d g e o l o g i c h i s t o r y o f t h e M o n t a n a

G r o u p a n d e q u i v a l e n t r o c k s , M o n t a n a , W y o m i n g , a n d N o r t h a n d S o u t h D a k o t a .

U n i t e d S t a t e s G e o l o g i c a l S u r v e y , P r o f e s s i o n a l P a p e r 7 7 6 : 1 - 3 7 .

G i l l , T . 1 8 9 3 . F a m i l i e s a n d s u b f a m i l i e s o f fi s h e s . M e m o i r s o f t h e N a t i o n a l A c a d e m y o f

S c i e n c e s , W a s h i n g t o n . 6 : 1 2 5 - 1 3 8 .

G i l l , T . 1 8 9 5 . N o t e s o n t h e n o m e n c l a t u r e o f S c y m n u s , o r S c y m n o r h i n u s , a g e n u s o f

s h a r k s . P r o c e e d i n g s o f t h e U n i t e d S t a t e s N a t i o n a l M u s e u m . 1 9 1 - 1 9 3 .

G l i k m a n , L S . 1 9 5 6 . O n t h e p h y l o g e n e t i c e v o l u t i o n o f t h e g e n u s A n a c o r a x . D o k l a d y
A k a d e m i i N a u k S S S R . 1 0 9 ( 5 ) : 1 0 4 9 - 1 0 5 2 . [ i n R u s s i a n ]
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G l i k m a n , L S . 1 9 5 8 . R a t e s o f e v o l u t i o n i n l a m n o i d s h a r k s . D o k l a d y A k a d e m i i N a u k

S S S R . 1 2 3 ( 3 ) : 5 6 8 - 5 7 1 . [ i n R u s s i a n ]

G o t t f r i e d , M . D . , R a b a r i s o n , J . A . , a n d R a n d r i a m i a r i m a n a n a . 2 0 0 1 . L a t e C r e t a c e o u s

e l a s m o b r a n c h s f r o m t h e M a h a j a n g a B a s i n o f M a d a g a s c a r . C r e t a c e o u s R e s e a r c h .

2 2 : 4 9 1 - 4 9 6 .

G r a v e n d e e l , R . , V a n N e e r , W . , a n d B r i n k h u i z e n , D . 2 0 0 2 . A n i d e n t i fi c a t i o n k e y f o r

d e r m a l d e n t i c l e s o f R a j i d a e f r o m t h e N o r t h S e a . I n t e r n a t i o n a l J o u r n a l o f
O s t e o a r c h a e o l o g y . 1 2 : 4 2 0 - 4 4 1 .

G r a y , J . E . 1 8 5 1 . L i s t o f t h e s p e c i m e n s o f fi s h i n t h e c o l l e c t i o n o f t h e B r i t i s h M u s e u m ,
P a r t 1 . B r i t i s h M u s e u m ( N a t u r a l H i s t o r y ) , L o n d o n . 1 6 0 .

G r e e n w o o d , P . H . , R o s e n , D . E . , W e i t z m a n , S H , a n d M y e r s , G S . 1 9 6 6 . P h y l e t i c s t u d i e s

o f t e l e o s t e a n fi s h e s , w i t h a p r o v i s i o n a l c l a s s i fi c a t i o n o f l i v i n g f o r m s . B u l l e t i n o f

t h e A m e r i c a n M u s e u m o f N a t u r a l H i s t o r y . 1 3 1 : 3 3 9 — 4 5 6 .  
H a l l a m , A . 1 9 9 4 . A n o u t l i n e o f P h a n e r o z o i c b i o g e o g r a p h y . O x f o r d U n i v e r s i t y P r e s s ,

O x f o r d . 2 4 6 .

H a l s t e a d , L B . 1 9 7 4 . V e r t e b r a t e h a r d t i s s u e s . W y k e h a m S c i e n c e S e r i e s . W y k e h a m

P u b l i c a t i o n s , L o n d o n . 1 7 9 .

H a m b l i n , A P . 1 9 9 5 . S t r a t i g r a p h i c a r c h i t e c t u r e o f t h e C a m p a n i a n J u d i t h R i v e r ( B e l l y
R i v e r ) G r o u p , s o u t h e r n A l b e r t a P l a i n s , s u r f a c e a n d s u b s u r f a c e . G e o l o g i c a l
A s s o c i a t i o n o f C a n a d a / M i n e r a l o g i c a l A s s o c i a t i o n o f C a n a d a a n n u a l m e e t i n g
( A s s o c i a t i o n G é o l o g i q u e d u C a n a d a / A s s o c i a t i o n M i n e ’ r a l o g i q u e d u C a n a d a
r e u n i o n a n n u e l l e ) . 2 0 : 4 1 .

H a m m e r , O . a n d H a r p e r , D A T . 2 0 0 6 . P a l e o n t o l o g i c a l D a t a A n a l y s i s . B l a c k w e l l

P u b l i s h i n g , M a l d e n , M A , U n i t e d S t a t e s . 3 5 1 .

H a m m e r , 0 . , H a r p e r , D . A . T . , a n d P . D . R y a n . 2 0 0 1 . P A S T : P a l e o n t o l o g i c a l s t a t i s t i c s

s o f t w a r e p a c k a g e f o r e d u c a t i o n a n d d a t a a n a l y s i s . P a l a e o n t o l o g i a E l e c t r o n i c a . 4
( 1 ) : 1 - 9 . h t t p : / / p a 1 a e o - e l e c t r o n i c a . o r g / 2 0 0 1 l / p a s t / i s s u e l 0 1 . h t m

H a r t s t e i n , B F . a n d D e c i n a , L E . 1 9 8 6 . A n e w S e v e r n F o r m a t i o n ( e a r l y m i d d l e
M a a s t r i c h t i a n , L a t e C r e t a c e o u s ) l o c a l i t y i n P r i n c e G e o r g e s C o u n t y , M a r y l a n d .
T h e M o s a s a u r . 3 : 8 7 - 9 5 .

H a t c h e r , J . B . 1 9 0 3 a . R e l a t i v e a g e o f t h e L a n c e C r e e k ( C e r a t o p s ) b e d s o f C o n v e r s e
C o u n t y , W y o m i n g , t h e J u d i t h R i v e r b e d s o f M o n t a n a , a n d t h e B e l l y R i v e r b e d s o f
C a n a d a . T h e A m e r i c a n G e o l o g i s t . 3 1 : 6 9 - 3 7 5 .
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H a t c h e r , J . B . 1 9 0 3 b . T h e J u d i t h R i v e r b e d s . S c i e n c e . 1 7 ( 4 2 9 ) : 4 7 1 - 4 7 2 .

H a t c h e r , J . B . a n d S t a n t o n , T . W . 1 9 0 3 . T h e s t r a t i g r a p h i c p o s i t i o n o f t h e J u d i t h R i v e r
b e d s a n d t h e i r c o r r e l a t i o n w i t h t h e B e l l y R i v e r b e d s . S c i e n c e . 1 8 ( 4 5 0 ) : 2 1 1 - 2 1 2 .

H a y , D P . 1 9 0 2 . B i b l i o g r a p h y a n d c a t a l o g u e o f t h e f o s s i l V e r t e b r a t a o f N o r t h

A m e r i c a . B u l l e t i n o f t h e U n i t e d S t a t e s G e o l o g i c a l S u r v e y . 1 7 9 : 1 - 8 6 8 .

H a y , O R 1 9 3 0 . S e c o n d b i b l i o g r a p h y a n d c a t a l o g u e o f t h e f o s s i l V e r t e b r a t a o f N o r t h
A m e r i c a . 2 v o l u m e s . C a r n e g i e I n s t i t u t i o n o f W a s h i n g t o n P u b l i c a t i o n . 3 9 0 .
C a r n e g i e I n s t i t u t i o n , W a s h i n g t o n , D C , 1 9 7 4 .

H a y d e n , F . V . 1 8 5 7 . N o t e s e x p l a n a t o r y o f a m a p a n d s e c t i o n i l l u s t r a t i n g t h e g e o l o g i c a l
s t r u c t u r e o f t h e c o u n t r y b o r d e r i n g o n t h e M i s s o u r i R i v e r , f r o m t h e m o u t h o f t h e
P l a t t e R i v e r t o F o r t B e n t o n , i n l a t . 4 7 ° 3 0 ’ N . , l o n g . 1 1 0 ° 3 0 ’ W . P r o c e e d i n g s o f
t h e A c a d e m y o f N a t u r a l S c i e n c e s o f P h i l a d e l p h i a . 9 : 1 0 9 - 1 1 6 .

H a y d e n , F . V . 1 8 5 8 . E x p l o r a t i o n s u n d e r t h e W a r D e p a r t m e n t - E x p l a n a t i o n s o f a s e c o n d

e d i t i o n o f a g e o l o g i c a l m a p o f N e b r a s k a a n d K a n s a s , b a s e d u p o n i n f o r m a t i o n
o b t a i n e d i n a n e x p e d i t i o n t o t h e B l a c k H i l l s , u n d e r t h e c o m m a n d o f L i e u t . G . K .
W a r r e n , T o p o g r a p h i c a l E n g i n e e r U . S . A . P r o c e e d i n g s o f t h e A c a d e m y o f N a t u r a l
S c i e n c e s o f P h i l a d e l p h i a . 1 0 : 1 3 9 — 1 5 8 .

H a y d e n , F . V . 1 8 6 0 . G e o l o g i c a l s k e t c h o f t h e e s t u a r y a n d f r e s h w a t e r d e p o s i t s o f t h e b a d
l a n d s o f t h e J u d i t h , w i t h s o m e r e m a r k s u p o n t h e s u r r o u n d i n g f o r m a t i o n s .
T r a n s a c t i o n s o f t h e A m e r i c a n P h i l o s o p h i c a l S o c i e t y . 1 1 : 1 2 3 - 1 3 8 .

H a y d e n , F . V . 1 8 7 1 . G e o l o g y o f t h e M i s s o u r i V a l l e y . U n i t e d S t a t e s G e o l o g i c a l S u r v e y

o f t h e T e r r i t o r i e s , F o u r t h A n n u a l P r e l i m i n a r y R e p o r t . P a r t 2 , C h a p t e r 7 : 8 5 - 9 8 .

H e a r n , B . C . , J r . , P e c o r a , W . T . , a n d S w a d l e y , W C . 1 9 6 4 . G e o l o g y o f t h e R a t t l e s n a k e

Q u a d r a n g l e , B e a r p a w M o u n t a i n s , B l a i n e C o u n t y , M o n t a n a . C o n t r i b u t i o n s t o
G e o l o g y , U n i t e d S t a t e s G e o l o g i c a l S u r v e y B u l l e t i n 1 1 8 1 - B . B 1 - B 6 6 .

H e r m a n , J . 1 9 7 7 . L e s S é l a c i e n s d e s t e r r a i n s n é o c r é t a c é s e t p a l é o c e n e s d e B e l g i q u e e t d e s
c o n t r é e s l i n r i t r o p h e s . E l e m e n t s d ’ u n e b i o s t r a t i g r a p h i q u e i n t e r c o n t i n e n t a l e .
M é m o i r e s p o u r s e r v i r a l ’ e x p l i c a t i o n d e s C a r t e s G é o l o g i q u e s e t M i n i e r e s d e l a
B e l g i q u e . S e r v i c e G é o l o g i q u e d e B e l g i q u e ( 1 9 7 5 p u b l i é 1 9 7 7 ) . 1 5 : 1 - 4 0 1 .

H e r m a n , J . , H o v e s t a d t - E u l e r , M . , H o v e s t a d t , D C , a n d S t e h m a n , M . 1 9 9 5 .

C o n t r i b u t i o n s t o t h e s t u d y o f t h e c o m p a r a t i v e m o r p h o l o g y o f t e e t h a n d o t h e r
r e l e v a n t i c h t h y o d o r u l i t e s i n l i v i n g s u p r a - s p e c i fi c t a x a o f c h o n d r i c h t h y a n fi s h e s .
P a r t B : B a t o m o r p h i i N o . 1 b : O r d e r R a j o f o r m e s - S u b o r d e r R a j o i d e i - F a m i l y :
R a j i d a e - G e n e r a a n d S u b g e n e r a : B a t h y r a j a ( w i t h a d e e p - w a t e r , s h a l l o w - w a t e r a n d
t r a n s i t i o n a l m o r p h o t y p e ) , P s a m m o b a t i s , R a j a ( A m b l y r a j a ) , R a j a ( D i p t u r u s ) , R a j a

( L e u c o r a j a ) , R a j a ( R a j a ) , R a j a ( R a j e l l a ) ( w i t h t w o m o r p h o t y p e s ) , R a j a ( R i o r a j a ) ,
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R a j a ( R o s t r o r a j a ) , R a j a l i n t e a a n d S y m p t e r y g i a . B u l l e t i n d e l ’ I n s t i t u t e R o y a l d e s

S c i e n c e s N a t u r e l l e s d e B e l g i q u e , B i o l o g i e . 6 5 : 2 3 7 - 3 0 7 . [ i n F r e n c h ]

H o g a n s o n , J . W . a n d M u r p h y , E C . 2 0 0 2 . M a r i n e B r e i e n M e m b e r ( M a a s t r i c h t i a n ) o f t h e
H e l l C r e e k F o r m a t i o n i n N o r t h D a k o t a : S t r a t i g r a p h y , v e r t e b r a t e f o s s i l r e c o r d , a n d
a g e . I n H a r t m a n , J . H . , J o h n s o n , K . R . , a n d N i c h o l s , J . D . ( e d s ) . T h e H e l l C r e e k

F o r m a t i o n a n d t h e C r e t a c e o u s - T e r t i a r y b o u n d a r y i n t h e n o r t h e r n G r e a t P l a i n s : A n

i n t e g r a t e d c o n t i n e n t a l r e c o r d o f t h e e n d o f t h e C r e t a c e o u s . B o u l d e r , C o l o r a d o .
G e o l o g i c a l S o c i e t y o f A m e r i c a S p e c i a l P a p e r 3 6 1 : 2 4 7 - 2 6 9 .

H u x l e y , T H . 1 8 8 0 . O n t h e a p p l i c a t i o n o f t h e l a w s o f e v o l u t i o n t o t h e a r r a n g e m e n t o f t h e
V e r t e b r a t a , a n d m o r e p a r t i c u l a r l y o f t h e M a m m a l i a . P r o c e e d i n g s o f t h e E

Z o o l o g i c a l S o c i e t y o f L o n d o n . 1 8 8 0 ( 4 3 ) : 6 4 9 - 6 6 2 . '

f I f f t , J . D . a n d Z i n n , D J . 1 9 4 8 . T o o t h s u c c e s s i o n i n t h e s m o o t h d o g fi s h , M u s t e l u s c a n i s .

B i o l o g i c a l B u l l e t i n . 9 5 ( 1 ) : 1 0 0 - 1 0 6 .

 I n t e r n a t i o n a l C o m m i s s i o n o n Z o o l o g i c a l N o m e n c l a t u r e . 1 9 8 5 . I n t e r n a t i o n a l C o d e o f
Z o o l o g i c a l N o m e n c l a t u r e : a d o p t e d b y t h e X X G e n e r a l A s s e m b l y o f t h e ! -
I n t e m a t i o n a l U n i o n o f B i o l o g i c a l S t u d i e s . 3 r d e d . U n i v e r s i t y o f C a l i f o r n i a P r e s s ,

B e r k e l e y a n d L o s A n g e l e s . 3 3 8 .

I r m i s , R B . a n d E l l i o t t , D . K . 2 0 0 6 . T a p h o n o m y o f a m i d d l e P e n n s y l v a n i a n m a r i n e

v e r t e b r a t e a s s e m b l a g e a n d a n a c t u a l i s t i c m o d e l f o r m a r i n e a b r a s i o n o f t e e t h .
P a l a i o s . 2 1 : 4 6 6 — 4 7 9 .

J a e k e l , O . 1 8 9 4 . D i e e o c é i n e n S e l a c h i e r v o r n M o n t e B o l c a . E i n B e i t r a g z u r
M o r p h o g e n i e d e r W i r b e l t h i e r e . V e r l a g v o n J u l i u s S p r i n g e r , B e r l i n . 1 7 6 .

J a e k e l , O . 1 8 9 5 . U n t e r - T e r t i a r e S e l a c h i e r a u s S u d r i i s s l a n d . M é m o i r e s D u C o m i t é

G é o l o g i q u e R u s s e . S t . P e t e r s b u r g . 9 ( 4 ) : 1 9 — 3 5 .

J o h n s o n , H . a n d S t o r e r , J . E . 1 9 7 4 . A g u i d e t o A l b e r t a v e r t e b r a t e f o s s i l s f r o m t h e a g e o f
d i n o s a u r s . P u b l i c a t i o n N o . 4 . T h e Q u e e n ’ s P r i n t e r , P r o v i n c i a l M u s e u m a n d

A r c h i v e s o f A l b e r t a , E d m o n t o n . 1 2 9 .

J o h n s o n , S C . a n d L u c a s , S . G . 2 0 0 1 . S e l a c h i a n f a u n a f r o m t h e D a l t o n S a n d s t o n e ( U p p e r
C r e t a c e o u s , C o n i a c i a n ) , c e n t r a l N e w M e x i c o . N e w M e x i c o G e o l o g y . 2 3 ( 2 ) : 5 6 -
5 7 .

J o r d a n , D . S . 1 9 2 3 . A c l a s s i fi c a t i o n o f fi s h e s , i n c l u d i n g f a m i l i e s a n d g e n e r a a s f a r a s

k n o w n . S t a n f o r d U n i v e r s i t y P u b l i c a t i o n s U n i v e r s i t y S e r i e s B i o l o g i c a l S c i e n c e s .
3 ( 2 ) : 7 9 - 2 4 3 .

J o r d a n , D . S . a n d E v e r r n a n n , B . W . 1 8 9 6 . T h e fi s h e s o f N o r t h a n d M i d d l e A m e r i c a .

B u l l e t i n o f t h e U n i t e d S t a t e s N a t i o n a l M u s e u m . 4 7 ( 1 ) : 1 - 1 2 4 0 .
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K e m p , N . R . 1 9 9 1 . C h o n d r i c h t h y a n s i n t h e C r e t a c e o u s a n d T e r t i a r y o f A u s t r a l i a . I n

V i c k e r s - R i c h , P . , M o n a g h a n , J . M . , B a i r d , R F , a n d R i c h , T . H . ( e d s ) . V e r t e b r a t e

P a l a e o n t o l o g y o f A u s t r a l a s i a . P i o n e e r D e s i g n S t u d i o a n d M o n a s h U n i v e r s i t y

P u b l i c a t i o n s , L i l y d a l e , V i c t o r i a . 4 9 7 - 5 6 8 .

K e n t , B . W . 1 9 9 4 . F o s s i l s h a r k s o f t h e C h e s a p e a k e B a y R e g i o n . E g a n R e e s & B o y e r ,

I n c . , C o l u m b i a . 1 4 6 .

K n o w l t o n , E H . 1 9 0 5 . F o s s i l p l a n t s o f t h e J u d i t h R i v e r b e d s . B u l l e t i n o f t h e U n i t e d
S t a t e s G e o l o g i c a l S u r v e y . 2 5 7 : 1 2 9 - 1 5 5 .

L a m b e , L . M . 1 9 0 2 . O n V e r t e b r a t a o f t h e M i d - C r e t a c e o u s o f t h e N o r t h w e s t T e r r i t o r y . 1 1 :

N e w g e n e r a a n d s p e c i e s f r o m t h e B e l l y R i v e r S e r i e s ( M i d - C r e t a c e o u s ) .

G e o l o g i c a l S u r v e y o f C a n a d a , C o n t r i b u t i o n s t o C a n a d i a n P a l a e o n t o l o g y . 3 ( 7 7 4 ) :

2 3 - 8 1 .

L a m b e , L . M . 1 9 1 8 . O n t h e r e m a i n s o f a s e l a c h i a n f r o m t h e E d m o n t o n C r e t a c e o u s o f

A l b e r t a . T h e O t t a w a N a t u r a l i s t . 3 2 : 2 7 - 2 8 .

L a n g s t o n , W . , J r . 1 9 6 5 . P r e - C e n o z o i c v e r t e b r a t e p a l e o n t o l o g y i n A l b e r t a : I t s p a s t a n d

f u t u r e . I n V e r t e b r a t e P a l e o n t o l o g y i n A l b e r t a , U n i v e r s i t y o f A l b e r t a . 9 - 3 1 .

L a n g s t o n , W . , J r . 1 9 7 6 . A L a t e C r e t a c e o u s v e r t e b r a t e f a u n a f r o m t h e S t . M a r y

F o r m a t i o n i n w e s t e r n C a n a d a . I n C h u r c h e r C . S . ( e d . ) . E s s a y s o n P a l a e o n t o l o g y

i n H o n o u r o f L o r i s S h a n o R u s s e l l . L i f e S c i e n c e s M i s c e l l a n e o u s P u b l i c a t i o n s ,

R o y a l O n t a r i o M u s e u m . 1 1 4 - 1 2 3 .

L a R o c k , J . W . , S c h m i t t , J . G . , H o r n e r , J . R . 2 0 0 0 a . S e d i m e n t o l o g y a n d t a p h o n o m y o f a

d i n o s a u r b o n e b e d i n t h e U p p e r C r e t a c e o u s J u d i t h R i v e r F o r m a t i o n , n o r t h e a s t e r n

M o n t a n a . G e o l o g i c a l S o c i e t y o f A m e r i c a , R o c k y M o u n t a i n S e c t i o n , A b s t r a c t s

W i t h P r o g r a m s . 3 2 ( 5 ) : 1 5 .

L a R o c k , J . W . , S c h m i t t , J . G . , H o m e r , J . R . 2 0 0 0 b . A C r e t a c e o u s p a l e o - l o g j a m ;

t a p h o n o m y a n d s e d i m e n t o l o g y o f a d i n o s a u r b o n e b e d f r o m t h e U p p e r C r e t a c e o u s

J u d i t h R i v e r F o r m a t i o n , n o r t h e a s t e r n M o n t a n a . G e o l o g i c a l S o c i e t y o f A m e r i c a ,

A b s t r a c t s w i t h P r o g r a m s . 3 2 ( 7 ) : A 2 2 0 .

L e i d y , J . 1 8 5 6 a . N o t i c e s o f t h e r e m a i n s o f e x t i n c t r e p t i l e s a n d fi s h e s d i s c o v e r e d b y D r .

F . V . H a y d e n i n t h e b a d l a n d s o f t h e J u d i t h R i v e r , N e b r a s k a T e r r i t o r y . P r o c e e d i n g s
o f t h e A c a d e m y o f N a t u r a l S c i e n c e s o f P h i l a d e l p h i a . 8 : 7 2 - 7 3 .

L e i d y , J . 1 8 5 6 b . N o t i c e s o f r e m a i n s o f e x t i n c t v e r t e b r a t e a n i m a l s o f N e w J e r s e y

c o l l e c t e d b y P r o f e s s o r C o o k , o f t h e S t a t e G e o l o g i c a l S u r v e y , u n d e r t h e d i r e c t i o n

o f D r . W . K i t c h e l l . P r o c e e d i n g s o f t h e A c a d e m y o f N a t u r a l S c i e n c e s o f

P h i l a d e l p h i a . 8 : 2 2 0 - 2 2 1 .
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L e r b e k m o , J . F . 1 9 6 1 . S t r a i g r a p h i c r e l a t i o n s h i p b e t w e e n t h e M i l k R i v e r F o r m a t i o n i n t h e

s o u t h e r n p l a i n s a n d t h e B e l l y R i v e r F o r m a t i o n o f t h e s o u t h e r n f o o t h i l l s o f A l b e r t a .

J o u r n a l o f t h e A l b e r t a S o c i e t y o f P e t r o l e u m G e o l o g i s t s . 9 ( 9 ) : 2 7 3 - 2 7 6 .

L e r i c h e , M . 1 9 0 5 . L e s p o i s s o n s é o c e n e s d e l a B e l g i q u e . M é m o i r e s d u M u s e ’ e R o y a l

d ’ H i s t o i r e N a t u r e l l e d e B e l g i q u e B r u x e l l e s . 3 ( 1 1 ) : 4 9 - 2 2 8 .

L e r i c h e , M . 1 9 1 0 . L e s p o i s s o n s o l i g o c é n e s d u 1 a B e l g i q u e . E x t r a i t d e s M é m o i r e s d u
M u s e e R o y a l d ’ H i s t o i r e N a t u r e l l e d e B e l g i q u e B r u x e l l e s . 5 : 2 3 1 - 3 6 3 .

L e r i c h e , M . 1 9 2 6 . L e s p o i s s o n s n é o g e n e s d u 1 a B e l g i q u e . M é m o i r e s d u M u s e e R o y a l
d ’ H i s t o i r e N a t u r e l l e d e B e l g i q u e B r u x e l l e s . M e m o i r e N o . 3 2 : 3 6 7 - 4 7 2 .

L e w i s , M . 1 8 1 4 . H i s t o r y o f t h e e x p e d i t i o n u n d e r t h e c o m m a n d o f C a p t a i n s L e w i s a n d

C l a r k , t o t h e s o u r c e s o f t h e M i s s o u r i , h e n c e a c r o s s t h e R o c k y M o u n t a i n s a n d

d o w n t h e r i v e r C o l u m b i a t o t h e P a c i fi c O c e a n : P e r f o r m e d d u r i n g t h e y e a r s 1 8 0 4 , r -

1 8 0 5 , 1 8 0 6 . B y o r d e r o f t h e g o v e r n m e n t o f t h e U n i t e d S t a t e s . P r e p a r e d f o r t h e ’
P r e s s b y P a u l A l l e n , E s q u i r e . I n t w o v o l u m e s . P h i l a d e l p h i a : P u b l i s h e d b y : 1 - . -
B r a d f o r d a n d I n s k e e p , N e w Y o r k . B r a d f o r d a n d I n s k e e p , N e w Y o r k .

 
L i l l e g r a v e n , J . A . a n d M c K e n n a , M . C . 1 9 8 6 . F o s s i l m a m m a l s f r o m t h e “ M e s a v e r d e ”

F o r m a t i o n ( L a t e C r e t a c e o u s , J u d i t h i a n ) o f t h e B i g h o r n a n d W i n d R i v e r B a s i n s ,

W y o m i n g , w i t h d e f i n i t i o n s o f t h e L a t e C r e t a c e o u s N o r t h A m e r i c a n l a n d - m a m m a l

“ a g e s . ” A m e r i c a n M u s e u m N o v i t a t e s . 2 8 4 0 : 1 - 6 8 .

L u c a s , P . W . 2 0 0 4 . D e n t a l F u n c t i o n a l M o r p h o l o g y : H o w T e e t h W o r k . C a m b r i d g e

U n i v e r s i t y P r e s s . 3 5 0 .

L u e r , C . A . , B l u m , R C , a n d G i l b e r t , P . W . 1 9 9 0 . R a t e o f t o o t h r e p l a c e m e n t i n t h e n u r s e

s h a r k , G i n g l y m o s t o m a c i r r a t u m . C o p e i a . 1 9 9 0 ( 1 ) : 1 8 2 - 1 9 1 .

L y m a n , R . L . 1 9 9 4 . V e r t e b r a t e T a p h o n o m y . C a m b r i d g e U n i v e r s i t y P r e s s , C a m b r i d g e .

5 2 4 .

M a i s e y , J . G . 1 9 8 4 . H i g h e r e l a s m o b r a n c h p h y l o g e n y a n d b i o s t r a t i g r a p h y . Z o o l o g i c a l

J o u r n a l o f t h e L i n n e a n S o c i e t y . 8 2 ( 1 - 2 ) : 3 3 - 5 4 .

M a r s h , O . C . 1 8 8 8 . A n e w f a m i l y o f h o r n e d d i n o s a u r s f r o m t h e C r e t a c e o u s . A m e r i c a n

J o u r n a l o f S c i e n c e . 3 6 : 4 7 7 - 4 7 8 .

M a r s h , O . C . 1 8 8 9 a . D i s c o v e r y o f C r e t a c e o u s M a m m a l i a . P a r t 1 . A m e r i c a n J o u r n a l o f

S c i e n c e . 3 8 : 8 1 - 9 2 .  
M a r s h , O . C . 1 8 8 9 b . D i s c o v e r y o f C r e t a c e o u s M a m m a l i a . P a r t 2 . A m e r i c a n J o u r n a l o f

S c i e n c e . 3 8 : 1 7 7 - 1 8 0 .
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M a r s h , C C . 1 8 9 0 . D e s c r i p t i o n o f n e w d i n o s a u r i a n r e p t i l e s . A m e r i c a n J o u r n a l o f
S c i e n c e . 3 9 : 8 1 - 8 6 .

M a r s h , O . C . 1 8 9 2 a . N o t i c e o f n e w r e p t i l e s f r o m t h e L a r a m i e F o r m a t i o n . A m e r i c a n
J o u r n a l o f S c i e n c e . 4 3 : 4 4 9 - 4 5 3 .

M a r s h , O . C . 1 8 9 2 b . N o t e s o n M e s o z o i c v e r t e b r a t e f o s s i l s . A m e r i c a n J o u r n a l o f

S c i e n c e . 4 4 : 1 7 1 - 1 7 6 .

M a r s h , O . C . 1 8 9 2 c . D i s c o v e r y o f C r e t a c e o u s M a m m a l i a . P a r t 3 . A m e r i c a n J o u r n a l o f
S c i e n c e . 4 3 : 2 4 9 - 2 6 2 .

M a t t h e w , W . D . 1 9 1 4 . E v i d e n c e o f t h e P a l e o c e n e v e r t e b r a t e f a u n a o n t h e C r e t a c e o u s -

T e r t i a r y p r o b l e m . B u l l e t i n o f t h e G e o l o g i c a l S o c i e t y o f A m e r i c a . 2 5 : 3 8 1 - 4 0 2 .

M c N u l t y , C L . a n d S l a u g h t e r , B M . 1 9 7 2 . T h e C r e t a c e o u s s e l a c h i a n g e n u s ,

P t y c h o t r y g o n , J A E K E L 1 8 9 4 . E c l o g a e G e o l o g i c a e H e l v e t i a e . 6 5 ( 3 ) : 6 4 7 - 6 5 6 .

 

M e e k , E B . a n d H a y d e n , F . V . 1 8 5 6 a . D e s c r i p t i o n s o f n e w s p e c i e s o f A c e p h a l a a n d
G a s t r o p o d a , f r o m t h e T e r t i a r y f o r m a t i o n s o f N e b r a s k a T e r r i t o r y , w i t h s o m e
g e n e r a l r e m a r k s o n t h e g e o l o g y o f t h e c o u n t r y a b o u t t h e s o u r c e s o f M i s s o u r i
R i v e r . P r o c e e d i n g s o f t h e A c a d e m y o f N a t u r a l S c i e n c e s o f P h i l a d e l p h i a . 8 : 1 1 1 -
1 2 6 .

M e e k , E B . a n d H a y d e n , F . V . 1 8 5 6 b . D e s c r i p t i o n s o f n e w f o s s i l s p e c i e s o n M o l l u s c a

c o l l e c t e d b y D r . F . V . H a y d e n , i n N e b r a s k a T e r r i t o r y ; t o g e t h e r w i t h a c o m p l e t e
c a t a l o g u e o f a l l r e m a i n s o f I n v e r t e b r a t a h i t h e r t o d e s c r i b e d a n d i d e n t i fi e d f r o m t h e
C r e t a c e o u s a n d T e r t i a r y f o r m a t i o n s o f t h a t r e g i o n . P r o c e e d i n g s o f t h e A c a d e m y
o f N a t u r a l S c i e n c e s o f P h i l a d e l p h i a . 8 : 2 6 5 - 2 8 6 .

M e e k , E B . a n d H a y d e n , F . V . 1 8 5 7 . D e s c r i p t i o n s o f n e w s p e c i e s a n d g e n e r a o f f o s s i l s ,
c o l l e c t e d b y D r . F . V . H a y d e n , i n N e b r a s k a T e r r i t o r y , u n d e r t h e d i r e c t i o n o f L i e u t .
G . K . W a r r e n , U . S . T o p o g r a p h i c a l E n g i n e e r ; w i t h s o m e r e m a r k s o n t h e T e r t i a r y
a n d C r e t a c e o u s f o r m a t i o n s o f t h e n o r t h - w e s t , a n d t h e p a r a l l e l i s m o f t h e l a t t e r w i t h

t h o s e o f o t h e r p o r t i o n s o f t h e U n i t e d S t a t e s a n d T e r r i t o r i e s . P r o c e e d i n g s o f t h e
A c a d e m y o f N a t u r a l S c i e n c e s o f P h i l a d e l p h i a . 9 : 1 1 7 - 1 4 8 .

M e e k , E B . a n d H a y d e n , F . V . 1 8 5 8 . D e s c r i p t i o n s o f n e w o r g a n i c r e m a i n s c o l l e c t e d i n
N e b r a s k a T e r r i t o r y i n t h e y e a r 1 8 5 7 , b y D r . F . V . H a y d e n , G e o l o g i s t t o t h e
E x p l o r i n g E x p e d i t i o n u n d e r t h e c o m m a n d o f L i e u t . G . K . W a r r e n , T o p o g r a p h i c a l
E n g i n e e r U S . A r m y t o g e t h e r w i t h s o m e r e m a r k s o n t h e g e o l o g y o f t h e B l a c k
H i l l s a n d p o r t i o n s o f t h e s u r r o u n d i n g c o u n t r y . P r o c e e d i n g s o f t h e A c a d e m y o f
N a t u r a l S c i e n c e s o f P h i l a d e l p h i a . 1 0 : 4 1 - 5 9 .

M e e k , E B . a n d H a y d e n , F . V . 1 8 6 2 . D e s c r i p t i o n s o f n e w L o w e r S i l u r i a n ( P r i m o r d i a l ) ,
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J u r a s s i c , C r e t a c e o u s , a n d T e r t i a r y f o s s i l s , c o l l e c t e d i n N e b r a s k a b y t h e E x p l o r i n g
E x p e d i t i o n u n d e r t h e c o m m a n d o f C a p t . W i l l i a m F . R a y n o l d s , T o p o g r a p h i c a l
E n g i n e e r U S A r m y t o g e t h e r w i t h s o m e r e m a r k s o n t h e r o c k s f r o m w h i c h t h e y
w e r e o b t a i n e d . P r o c e e d i n g s o f t h e A c a d e m y o f N a t u r a l S c i e n c e s o f P h i l a d e l p h i a .
1 3 : 4 1 5 - 4 4 7 .

M e y e r , R . L . 1 9 7 4 . L a t e C r e t a c e o u s e l a s m o b r a n c h s f r o m t h e M i s s i s s i p p i a n d E a s t T e x a s
e m b a y m e n t s o f t h e G u l f C o a s t a l P l a i n ( u n p u b l i s h e d P h . D . d i s s e r t a t i o n ) . S o u t h e r n
M e t h o d i s t U n i v e r s i t y , D a l l a s , T e x a s . 4 1 9 .

M o o r e , D . S . 2 0 0 0 . T h e B a s i c P r a c t i c e o f S t a t i s t i c s . 2 n d E d i t i o n . W . H . F r e e m a n a n d

C o m p a n y , N e w Y o r k . 6 1 9 .

M o s s , S A . 1 9 6 7 . T o o t h r e p l a c e m e n t i n t h e l e m o n s h a r k , N e g a p r i o n b r e v i r o s t r i s . I n
G i l b e r t , P . W . , M a t h e w s o n , R F , a n d R a l l , D . P . ( e d s ) . S h a r k s , S k a t e s , a n d R a y s .

J o h n s H o p k i n s P r e s s , B a l t i m o r e , M a r y l a n d . 3 1 9 - 3 2 9 .

M o s s , S A . 1 9 7 2 . T o o t h r e p l a c e m e n t a n d b o d y g r o w t h r a t e s i n t h e s m o o t h d o g fi s h ,
M u s t e l u s c a n i s ( M i t c h i l l ) . C o p e i a . 1 9 7 2 ( 4 ) : 8 0 8 - 8 1 1 .

M i i l l e r , J . a n d H e n l e , J . 1 8 3 8 - 1 8 4 1 . S y s t e m a t i s c h e B e s c h r e i b u n g d e r P l a g i o s t o m e n .
V e r l a g v o n V e i t u n d C o m p . , B e r l i n . U n p a g i n a t e d .

N a y l o r , G . J . P . a n d M a r c u s , L . 1 9 9 4 . I d e n t i f y i n g i s o l a t e d s h a r k t e e t h o f t h e g e n u s
C a r c h a r h i n u s t o s p e c i e s : R e l e v a n c e f o r t r a c k i n g p h y l e t i c c h a n g e t h r o u g h t h e
f o s s i l r e c o r d . A m e r i c a n M u s e u m N o v i t a t e s . 3 1 0 9 : 1 - 5 3 .

N e u m a n , A . G . , B r i n k m a n , D . B . , W i l s o n , M . V . H . 1 9 8 8 . F r e s h w a t e r fi s h e s f r o m t h e

U p p e r C r e t a c e o u s J u d i t h R i v e r F o r m a t i o n o f A l b e r t a . J o u r n a l o f V e r t e b r a t e
P a l e o n t o l o g y . 8 ( s u p p l e m e n t 3 ) : 2 3 A .

O b r u c h e v , D . M . 1 9 5 3 . T h e s t u d y o f e d e s t i d s a n d t h e w o r k s o f A P . K a r p i n s k i i . W o r k s
o f t h e P a l e o n t o l o g i c a l I n s t i t u t e o f t h e A c a d e m y o f S c i e n c e s o f t h e U S S R . 4 5 : 1 -
8 5 . [ i n R u s s i a n ]

O r v i g , T . 1 9 5 1 . H i s t o l o g i c s t u d i e s o f P l a c o d e r r n s a n d f o s s i l E l a s m o b r a n c h s . I . T h e
e n d o s k e l e t o n , w i t h r e m a r k s o n t h e h a r d t i s s u e s o f l o w e r v e r t e b r a t e s i n g e n e r a l .
A r k i v f e r Z o o l o g i u t g i v e t a v K u n g l . S v e n s k a v e t e n k a p s - a k a d e m i e n . S e r . 2 ( 2 ) :
3 2 1 - 4 5 4 .

O s b o r n , H F . 1 9 0 2 . O n V e r t e b r a t a o f t h e M i d - C r e t a c e o u s o f t h e N o r t h w e s t T e r r i t o r y . 1 :
D i s t i n c t i v e c h a r a c t e r s o f t h e M i d - C r e t a c e o u s f a u n a . G e o l o g i c a l S u r v e y o f
C a n a d a , C o n t r i b u t i o n s t o C a n a d i a n P a l a e o n t o l o g y . 3 ( 7 7 4 ) : 5 - 2 1 .

O v e r s t r o m , N A . 1 9 9 1 . E s t i m a t e d t o o t h r e p l a c e m e n t r a t e i n c a p t i v e s a n d t i g e r s h a r k s
( C a r c h a r i a s t a u r u s R a fi n e s q u e , 1 8 1 0 ) . C o p e i a . 1 9 9 1 ( 2 ) : 5 2 5 - 5 2 6 .
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O w e n , R . 1 8 4 6 . L e c t u r e s o n t h e c o m p a r a t i v e a n a t o m y a n d p h y s i o l o g y o f v e r t e b r a t e

a n i m a l s . P a r t I : F i s h e s . L o n d o n . 1 8 4 .

O w e n , R . 1 8 6 6 . C h a p t e r V . D i g e s t i v e s y s t e m o f H a m a t o c r y a . I n O n t h e a n a t o m y o f

v e r t e b r a t e s . V o l u m e 1 . F i s h e s a n d R e p t i l e s . L o n g m a n s , G r e e n a n d C o . , L o n d o n ,
E n g l a n d . 3 5 9 - 4 5 4 .

P a t t e r s o n , C . 1 9 6 5 . T h e p h y l o g e n y o f t h e C h i m a e r o i d s . P h i l o s o p h i c a l T r a n s a c t i o n s o f

t h e R o y a l S o c i e t y o f L o n d o n . S e r i e s B , B i o l o g i c a l S c i e n c e s . 2 4 9 ( 7 5 7 ) : 1 0 1 - 2 1 9 .

P e a l e , A . C . 1 9 1 2 a . O n t h e s t r a t i g r a p h i c p o s i t i o n a n d a g e o f t h e J u d i t h R i v e r F o r m a t i o n .

J o u r n a l o f G e o l o g y . 2 0 ( 6 ) : 5 3 0 - 5 4 9 .

P e a l e , A . C . 1 9 1 2 b . O n t h e s t r a t i g r a p h i c p o s i t i o n a n d a g e o f t h e J u d i t h R i v e r F o r m a t i o n .

J o u r n a l o f G e o l o g y . P a r t H . 2 0 ( 7 ) : 6 4 0 - 6 5 2 .

P e a l e , A . C . 1 9 1 2 c . O n t h e s t r a t i g r a p h i c p o s i t i o n a n d a g e o f t h e J u d i t h R i v e r F o r m a t i o n .
J o u r n a l o f G e o l o g y . P a r t [ 1 1 . 2 0 ( 8 ) : 7 3 8 - 7 5 7 .

P e r r y , E A . 1 9 9 4 . F o s s i l s h a r k s a n d r a y s o f t h e S a n t a C r u z M o u n t a i n , C a l i f o r n i a .

N a t u r a l H i s t o r y G u i d e N o . 2 . S a n t a C r u z M u s e u m G u i d e A s s o c i a t i o n , S a n t a

C r u z . 4 8 .

P e y e r , B . 1 9 6 8 . C o m p a r a t i v e O d o n t o l o g y . U n i v e r s i t y o f C h i c a g o P r e s s , C h i c a g o . 3 4 7 .

[ t r a n s l a t e d f r o m G e r m a n a n d e d i t e d b y R a i n e r Z a n g e r l ]

R e s e a r c h G r o u p f o r M e s o z o i c F o s s i l S h a r k s . 1 9 7 7 . C r e t a c e o u s f o s s i l e l a s m o b r a n c h s

f r o m J a p a n ( F i r s t R e p o r t ) . B u l l e t i n o f t h e M i z u n a m i F o s s i l M u s e u m ( M i z u n a m i -

s h i k a s e k i H a k u b a t s u k a n k e n k y é u h é o k o k u ) , G i f u , J a p a n . 4 : 1 1 9 - 1 3 8 . [ i n
J a p a n e s e ]

R e u s s , A . E . 1 8 4 4 . D i e K r e i d e g e b i l d e d e s w e s t l i c h e n B e h m e n s , e i n m o n o g r a p h i s c h e r
V e r s u c h . N e b s t B e m e r k u n g e n i i b e r d i e B r a u n k o h l e n l a g e r j e n s e i t s d e r E l b e u n d

e i n e U b e r s i c h t d e r f o s s i l e n F i s c h r e s t e B é h m e n s . G e o g n o s t i s c h e S k i z z e n a u s
B ' o h m e n . 1 1 . C W . M e d a u & C o m p . , P r a g u e . 3 0 4 .

R i x o n , A . E . 1 9 7 6 . F o s s i l a n i m a l r e m a i n s : T h e i r p r e p a r a t i o n a n d c o n s e r v a t i o n . T h e

A t h l o n e P r e s s U n i v e r s i t y o f L o n d o n , L o n d o n . 3 0 4 .

R o b b , A . J . , H I . 1 9 8 9 . T h e U p p e r C r e t a c e o u s ( C a m p a n i a n , B l a c k C r e e k F o r m a t i o n )

f o s s i l fi s h f a u n a o f P h o e b u s L a n d i n g , B l a d e n C o u n t y , N o r t h C a r o l i n a . T h e
M o s a s a u r . 4 : 7 5 - 9 2 .

R o g e r s , R R . 1 9 9 4 . N a t u r e a n d o r i g i n o f t h r o u g h - g o i n g d i s c o n t i n u i t i e s i n n o n m a r i n e
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f o r e l a n d b a s i n s t r a t a , U p p e r C r e t a c e o u s M o n t a n a : I m p l i c a t i o n s f o r s e q u e n c e
a n a l y s i s . G e o l o g y . 2 2 : 1 1 1 9 - 1 1 2 2 .

R o g e r s , R R . 1 9 9 8 . S e q u e n c e a n a l y s i s o f t h e U p p e r C r e t a c e o u s T w o M e d i c i n e a n d
J u d i t h R i v e r f o r m a t i o n s , M o n t a n a ; N o n m a r i n e r e s p o n s e t o t h e C l a g g e t t a n d
B e a r p a w m a r i n e c y c l e s . J o u r n a l o f S e d i m e n t a r y R e s e a r c h . 6 8 ( 4 ) : 6 1 5 - 6 3 1 .

R o g e r s , R R . a n d E b e r t h , D A . 1 9 9 6 . S t r a t i g r a p h i c u t i l i t y o f v e r t e b r a t e m i c r o f o s s i l
a s s e m b l a g e s i n t h e C a m p a n i a n o f M o n t a n a a n d A l b e r t a . J o u r n a l o f V e r t e b r a t e
P a l e o n t o l o g y . 1 6 ( s u p p l e m e n t 3 ) : 6 1 A .

R o g e r s , R R . a n d K i d w e l l , S M . 2 0 0 0 . A s s o c i a t i o n o f v e r t e b r a t e s k e l e t a l c o n c e n t r a t i o n s

a n d d i s c o n t i n u i t y s u r f a c e s i n t e r r e s t r i a l a n d S h a l l o w m a r i n e r e c o r d s : A t e s t i n t h e
C r e t a c e o u s o f M o n t a n a . T h e J o u r n a l o f G e o l o g y . 1 0 8 : 1 3 1 - 1 5 4 .

R e s e , C R . 1 8 9 7 . U b e r d i e v e r s c h i e d e n e n A b ' a n d e r u n g e n d e r H a r t g e w e b e b e i n i e d e r e n
W i r b e l t i e r e n . A n a t o m i s c h e r A n z e i g e r . 1 4 : 3 3 - 6 9 .

R o s e n , B R , a n d S m i t h , A B . 1 9 8 8 . T e c t o n i c s f r o m f o s s i l s ? A n a l y s i s o f r e e f - c o r a l a n d
s e a - u r c h i n d i s t r i b u t i o n s f r o m L a t e C r e t a c e o u s t o R e c e n t , u s i n g a n e w m e t h o d . I n
A u d l e y - C h a r l e s , M G . a n d H a l l a m , A . ( e d s ) . A n a l y t i c a l B i o g e o g r a p h y . C h a p m a n
a n d H a l l , L o n d o n . 2 7 5 - 3 0 6 .

R u s s e l l , D A . a n d L a n d e s , R . W . 1 9 4 0 . G e o l o g y o f t h e s o u t h e r n A l b e r t a p l a i n s . P a r t I :
S t r a t i g r a p h y a n d s t r u c t u r e ; P a r t H : P a l e o n t o l o g y o f t h e m a r i n e f o r m a t i o n s o f t h e
M o n t a n a G r o u p . G e o l o g i c a l S u r v e y o f C a n a d a M e m o i r . 2 2 1 : 1 - 2 2 3 .

R u s s e l l , L S . 1 9 6 4 . C r e t a c e o u s n o n - m a r i n e f a u n a s o f n o r t h w e s t e r n N o r t h A m e r i c a . L i f e

S c i e n c e s , C o n t r i b u t i o n s , R o y a l O n t a r i o M u s e u m . 6 1 : 1 - 2 4 .

S a h n i , A . 1 9 7 2 . T h e v e r t e b r a t e f a u n a o f t h e J u d i t h R i v e r F o r m a t i o n , M o n t a n a . B u l l e t i n

o f t h e A m e r i c a n M u s e u m o f N a t u r a l H i s t o r y . 1 4 7 ( 6 ) : 3 2 1 - 4 1 2 .

S a n k e y , J . T . , F o x , R . C . , B r i n k m a n , D B , a n d E b e r t h , D A . 1 9 9 9 . P a l e o e c o l o g y o f
m a m m a l s f r o m t h e D i n o s a u r P a r k F o r m a t i o n ( J u d i t h R i v e r G r o u p , L a t e
C a m p a n i a n ) , s o u t h e r n A l b e r t a . J o u r n a l o f V e r t e b r a t e P a l e o n t o l o g y . 1 9
( s u p p l e m e n t 3 ) : 7 3 .

S a n k e y , J . T . , B r i n k m a n , D . B . , G u e n t h e r , M . , a n d C u r r i e , P . J . 2 0 0 2 . S m a l l t h e r o p o d a n d
b i r d t e e t h f r o m t h e L a t e C r e t a c e o u s ( L a t e C a m p a n i a n ) J u d i t h R i v e r G r o u p ,

A l b e r t a . J o u r n a l o f P a l e o n t o l o g y . 7 6 ( 4 ) : 7 5 1 - 7 6 3 .

S c h w i m m e r , D . R . , H o o k s , G . E . , I I I , a n d J o h n s o n , B . 2 0 0 2 . R e v i s e d t a x o n o m y , a g e , a n d

g e o g r a p h i c r a n g e o f t h e l a r g e l a m n i f o r m s h a r k C r e t o d u s s e m i p l i c a t u s . J o u r n a l o f
V e r t e b r a t e P a l e o n t o l o g y . 2 2 ( 3 ) : 7 0 4 - 7 0 7 .
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S h i m a d a , K . 1 9 9 6 . S e l a c h i a n s f r o m t h e F o r t H a y s L i m e s t o n e M e m b e r o f t h e N i o b r a r a

C h a l k ( U p p e r C r e t a c e o u s ) , E l l i s C o u n t y , K a n s a s . T r a n s a c t i o n s o f t h e A c a d e m y o f
S c i e n c e . 9 9 ( 1 - 2 ) : 1 - 1 5 .

S h i m a d a , K . 2 0 0 6 . M a r i n e v e r t e b r a t e s f r o m t h e B l u e H i l l M e m b e r o f t h e C a r l i l e S h a l e

( U p p e r C r e t a c e o u s : M i d d l e T u r o n i a n ) i n K a n s a s . I n L u c a s , S . G . a n d S u l l i v a n
R . M . ( e d s ) . L a t e C r e t a c e o u s v e r t e b r a t e s f r o m t h e W e s t e r n I n t e r i o r . N e w M e x i c o

M u s e u m o f N a t u r a l H i s t o r y a n d S c i e n c e B u l l e t i n . 3 5 : 1 6 5 - 1 7 6 .

S h i m a d a , K . 2 0 0 7 . S k e l e t a l a n d d e n t a l a n a t o m y o f l a m n i f o r m s h a r k , C r e t a l a m n a
a p p e n d i c u l a t a , f r o m U p p e r C r e t a c e o u s N i o b r a r a C h a l k o f K a n s a s . J o u r n a l o f
V e r t e b r a t e P a l e o n t o l o g y . 2 7 ( 3 ) : 5 8 4 — 6 0 2 .

S h i m a d a , K . , S c h u m a c h e r , B . A . , P a r k i n , J . A . , a n d P a l e r m o , J . M . 2 0 0 6 . F o s s i l m a r i n e
v e r t e b r a t e s f r o m t h e l o w e r m o s t G r e e n h o m L i m e s t o n e ( U p p e r C r e t a c e o u s : M i d d l e
C e n o m a n i a n ) : i n s o u t h e a s t e r n C o l o r a d o . J o u r n a l o f P a l e o n t o l o g y . M e m o i r 6 3 : 1 -
4 5 .

S i e g e l , S . 1 9 5 6 . N o n p a r a m e t r i c s t a t i s t i c s f o r t h e b e h a v i o r a l s c i e n c e s . S e r i e s i n
P s y c h o l o g y . M c G r a W - H i l l B o o k C o m p a n y , I n c . , N e w Y o r k . 3 1 2 .

S i m p s o n , G . G . 1 9 4 3 . M a m m a l s a n d t h e n a t u r e o f c o n t i n e n t s . A m e r i c a n J o u r n a l o f

S c i e n c e . 2 4 1 ( 1 ) : 1 - 3 1 .

S i v e r s o n , M . 1 9 9 2 . B i o l o g y , d e n t a l m o r p h o l o g y a n d t a x o n o m y o f l a m n i f o r m s h a r k s
f r o m t h e C a m p a n i a n o f t h e K r i s t i a n s t a d B a s i n , S w e d e n . P a l a e o n t o l o g y . 3 5 ( 3 ) :
5 1 9 - 5 5 4 .

S i v e r s o n , M . 1 9 9 5 . R e v i s i o n o f C r e t o r e c t o l o b u s ( N e o s e l a c h i i ) a n d d e s c r i p t i o n o f

C e d e r s t r o e m i a n . g e n . , a C r e t a c e o u s c a r p e t s h a r k ( O r e c t o l o b i f o r m e s ) w i t h a
c u t t i n g d e n t i t i o n . J o u r n a l o f P a l e o n t o l o g y . 6 9 ( 5 ) : 9 7 4 - 9 7 9 .

S i v e r s o n , M . 1 9 9 6 . L a m n i f o r r n s h a r k s o f t h e m i d - C r e t a c e o u s A l i n g a F o r m a t i o n a n d
B e e d a g o n g C l a y s t o n e , w e s t e r n A u s t r a l i a . P a l a e o n t o l o g y . 3 9 ( 4 ) : 8 1 3 - 8 4 9 .

S o l e r — G i j o n , R . a n d L o p e z - M a r t i n e z , N . 1 9 9 8 . S h a r k s a n d r a y s ( C h o n d r i c h t h y e s ) f r o m
t h e U p p e r C r e t a c e o u s r e d b e d s o f t h e s o u t h - c e n t r a l P y r e n e e s ( L l e i d a , S p a i n ) :
i n d i c e s o f a n I n d i a - E u r a s i a c o n n e c t i o n . P a l a e o g e o g r a p h y , P a l a e o c l i m a t o l o g y ,
P a l a e o e c o l o g y . 1 4 1 ( 1 9 9 8 ) : 1 - 1 2 .

S t a h l , B . J . 1 9 9 9 . C h o n d r i c h t h y e s I I I . H o l o c e p h a l i : H a n d b o o k o f P a l e o i c h t h y o l o g y .
V o l u m e 4 . S c h u l t z e , H . — P . ( e d ) . V e r l a g D r . F r i e d r i c h P f e i l , M i i n c h e n . 1 6 4 .

S t a h l , B . J . a n d C h a t t e r j e e , S . 2 0 0 2 . A L a t e C r e t a c e o u s c a l l o r h y n c h i d ( C h o n d r i c h t h y e s ,
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H o l o c e p h a l i ) f r o m S e y m o u r I s l a n d , A n t a r c t i c a . J o u r n a l o f V e r t e b r a t e
P a l e o n t o l o g y . 2 2 ( 4 ) : 8 4 8 - 8 5 0 .

S t a n t o n , T . W . a n d H a t c h e r , J . B . 1 9 0 5 . G e o l o g y a n d p a l e o n t o l o g y o f t h e J u d i t h R i v e r
b e d s . B u l l e t i n o f t h e U n i t e d S t a t e s G e o l o g i c a l S u r v e y . 2 5 7 : 1 - 1 2 8 .

S t e b i n g e r , E . 1 9 1 4 a . S t r a t i g r a p h y o f t h e M o n t a n a G r o u p ( U p p e r C r e t a c e o u s ) i n
n o r t h w e s t e r n M o n t a n a a n d i t s r e l a t i o n t o t h e B e l l y R i v e r b e d s a n d J u d i t h R i v e r
F o r m a t i o n ( a b s t r a c t ) . J o u r n a l o f t h e W a s h i n g t o n A c a d e m y o f S c i e n c e s . 4 : 3 8 3 -
3 8 4 .

S t e b i n g e r , E . 1 9 1 4 b . T h e M o n t a n a G r o u p o f n o r t h w e s t e r n M o n t a n a . U n i t e d S t a t e s
G e o l o g i c a l S u r v e y , P r o f e s s i o n a l P a p e r 9 0 - G : 6 0 - 6 8 .

S t e n o , N . 1 6 6 7 . E l e m e n t o r u m m y o l o g i a e s p e c i m e n , s e u m u s c u l i d e s c r i p t i o g e o m e t r i c a .
C u i a c c e d u n t C a n i s C a r c h a r i a e d i s s e c t u m C a p u t , e t D i s s e c t i s P i s c i s e x C a n u m
g e n e r e . F l o r e n t i a e .

S t e m b e r g , C H . 1 8 8 3 . E x p l o r a t i o n s i n t h e J u d i t h R i v e r g r o u p . T h e K a n s a s C i t y R e v i e w
o f S c i e n c e a n d I n d u s t r y . 7 ( 6 ) : 3 2 5 - 3 3 0 .

S t e m b e r g , C H . 1 9 0 3 . N o t e s o n t h e J u d i t h R i v e r G r o u p . S c i e n c e . 1 7 ( 4 3 9 ) : 8 7 0 - 8 7 2 .

S t e m b e r g , C H . 1 9 1 4 . N o t e s o n t h e f o s s i l v e r t e b r a t e s c o l l e c t e d o n t h e C o p e e x p e d i t i o n
t o t h e J u d i t h R i v e r a n d C o w I s l a n d b e d s , M o n t a n a . S c i e n c e . 4 0 ( 1 0 2 1 ) : 1 3 4 - 1 3 5 .

S t e m b e r g , C H . 1 9 1 5 . E v i d e n c e p r o v i n g t h a t t h e B e l l y R i v e r b e d s o f A l b e r t a a r e
e q u i v a l e n t w i t h t h e J u d i t h R i v e r b e d s o f M o n t a n a . S c i e n c e . 4 2 ( 1 0 7 3 ) : 1 3 1 - 1 3 3 .

S t e m b e r g , C . H . 1 9 1 6 - 1 9 1 7 . F i v e y e a r s ’ e x p l o r a t i o n s i n t h e f o s s i l b e d s o f A l b e r t a .
T r a n s a c t i o n s o f t h e K a n s a s A c a d e m y o f S c i e n c e . 2 8 : 2 0 5 - 2 1 1 .

S t e m b e r g , C H . 1 9 1 8 . S t e m b e r g ’ s e x p e d i t i o n t o t h e R e d D e e r R i v e r , A l b e r t a , 1 9 1 7 .
T r a n s a c t i o n s o f t h e K a n s a s A c a d e m y o f S c i e n c e . 2 9 : 8 8 - 9 1 .

S t e m b e r g , C M . 1 9 2 6 . N o t e s o n t h e E d m o n t o n F o r m a t i o n o f A l b e r t a . C a n a d i a n F i e l d -

N a t u r a l i s t . 4 0 : 1 0 2 - 1 0 4 .

S t e m b e r g , C M . 1 9 2 8 . A n e w a r m o r e d d i n o s a u r f r o m t h e E d m o n t o n F o r m a t i o n o f
A l b e r t a . T r a n s a c t i o n s o f t h e R o y a l S o c i e t y o f C a n a d a . 2 2 : 9 3 - 1 0 6 .

S t e m b e r g , C . M . 1 9 4 0 a . C e r a t o p s i d a e f r o m A l b e r t a . J o u r n a l o f P a l e o n t o l o g y . 1 4 ( 5 ) :
4 6 8 - 4 8 0 .

S t e m b e r g , C . M . 1 9 4 0 b . T h e s c e l o s a u r u s e d m o n t o n e n s i s , n . S p . a n d c l a s s i fi c a t i o n o f t h e
H y p s i l o p h o d o n t i d a e . J o u r n a l o f P a l e o n t o l o g y . 1 4 ( 5 ) : 4 8 1 - 4 9 4 .
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S t o r e r , J . E . a n d J o h n s o n , H . 1 9 7 4 . I s c h y r h i z a ( C h o n d r i c h t h y e s : P r i s t i d a e ) f r o m t h e

U p p e r C r e t a c e o u s F o r e m o s t F o r m a t i o n ( C a m p a n i a n ) o f A l b e r t a . C a n a d i a n
J o u r n a l o f E a r t h S c i e n c e s . 1 1 : 7 1 2 - 7 1 5 .

S t o t t , D P . 1 9 6 3 . T h e C r e t a c e o u s A l b e r t a G r o u p a n d e q u i v a l e n t r o c k s , R o c k y M o u n t a i n
F o o t h i l l s , A l b e r t a . G e o l o g i c a l S u r v e y o f C a n a d a M e m o i r . 3 1 7 : 1 - 3 0 6 .

S t r a s b u r g , D . W . 1 9 6 3 . T h e d i e t a n d d e n t i t i o n o f I s i s t i u s b r a s i l i e n s i s , w i t h r e m a r k s o n

t o o t h r e p l a c e m e n t i n o t h e r s h a r k s . C o p e i a . 1 9 6 3 ( 1 ) : 3 3 - 4 0 .

T e s s m a n , N . 1 9 6 6 . C e n o z o i c s h a r k s o f F l o r i d a . T h e P l a s t e r J a c k e t . 1 ( 1 ) . U n p a g i n a t e d .

T r y o n , G . W . , J r . 1 8 6 3 . C o n t r i b u t i o n s t o w a r d s a m o n o g r a p h y o f t h e o r d e r o f
P h o l a d a c e a , w i t h d e s c r i p t i o n s o f n e w s p e c i e s : N o . 2 . P r o c e e d i n g s o f t h e
A c a d e m y o f N a t u r a l S c i e n c e s o f P h i l a d e l p h i a . 1 5 : 1 4 3 - 1 4 6 .

T u l u , Y . 2 0 0 6 . A n e x p e r i m e n t a l a p p r o a c h f o r i n t e r p r e t i n g S h a r k t o o t h t a p h o n o m y .
A b s t r a c t s w i t h P r o g r a m s , G e o l o g i c a l S o c i e t y o f A m e r i c a . 3 8 ( 7 ) : 6 4 .

T u l u , Y . 2 0 0 7 . T a p h o n o m i c i n fl u e n c e s o n S h a r k f a u n a ] a s s e m b l a g e s f r o m t h e J u d i t h
R i v e r F o r m a t i o n ( C a m p a n i a n ) o f M o n t a n a . J o u r n a l o f V e r t e b r a t e P a l e o n t o l o g y .
2 7 ( s u p p l e m e n t 3 ) : 1 6 0 A .

U n d e r w o o d , C . J . , M i t c h e l l , S F , a n d V e l t k a m p , C . J . 1 9 9 9 . M i c r o b o r i n g s i n m i d -
C r e t a c e o u s fi s h t e e t h . P r o c e e d i n g s o f t h e Y o r k s h i r e G e o l o g i c a l S o c i e t y . 5 2 ( 3 ) :
2 6 9 - 2 7 4 . '

U n d e r w o o d , C . J . a n d R e e s , J . 2 0 0 2 . S e l a c h i a n f a u n a s f r o m t h e e a r l i e s t C r e t a c e o u s

P u r b e c k G r o u p o f D o r s e t , s o u t h e r n E n g l a n d . S p e c i a l P a p e r s i n P a l a e o n t o l o g y .
6 8 : 8 3 - 1 0 1 .

V a n O r d e n , T . a n d G o d f r e y , S . 2 0 0 8 . U n u s u a l b o n e p r e s e r v a t i o n a n d t a p h o n o m y i n
M e t a x y t h e r i u m c r a t a e g e n s e ( S i r e n i a : D u g o n g i d a e ) f r o m C a l v e r t C l i f f s , M a r y l a n d ,
U S A . ( M i o c e n e , C h e s a p e a k e G r o u p ) . J o u r n a l o f V e r t e b r a t e P a l e o n t o l o g y . 2 8
( s u p p l e m e n t 3 ) : 1 5 5 A - 1 5 6 A .

W a l k e r , A D . 1 9 7 0 . A r e v i s i o n o f t h e J u r a s s i c r e p t i l e H a l l o p u s v i c t o r ( M a r s h ) , w i t h

r e m a r k s o n t h e c l a s s i fi c a t i o n o f c r o c o d i l e s . P h i l o s o p h i c a l T r a n s a c t i o n s o f t h e
R o y a l S o c i e t y o f L o n d o n S e r i e s B , B i o l o g i c a l S c i e n c e s . 2 5 7 ( 8 1 6 ) : 3 2 3 - 3 7 2 .

W a l l , J . H . a n d R o s e n e , R . K . 1 9 7 7 . U p p e r C r e t a c e o u s s t r a t i g r a p h y a n d
r r r i c r o p a l e o n t o l o g y o f t h e C r o w s n e s t P a s s - W a t e r t o n a r e a , s o u t h e r n A l b e r t a
F o o t h i l l s . B u l l e t i n o f C a n a d i a n P e t r o l e u m G e o l o g y . 2 5 ( 4 ) : 8 4 2 - 8 6 7 .

W e e d , W . H . 1 8 9 9 . D e s c r i p t i o n o f t h e F o r t B e n t o n Q u a d r a n g l e , M o n t a n a . U n i t e d S t a t e s
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G e o l o g i c a l S u r v e y , G e o l o g i c a l A t l a s , F o l i o 5 5 . 9 .

W e i g e l t , J . 1 9 8 9 . R e c e n t v e r t e b r a t e c a r c a s s e s a n d t h e i r p a l e o b i o l o g i c a l i m p l i c a t i o n s .
T h e U n i v e r s i t y o f C h i c a g o P r e s s . 1 8 8 . [ t r a n s l a t e d f r o m G e r m a n b y J u d i t h
S c h a e f e r ]

W e l t o n , B . J . a n d P a r i s h , R F . 1 9 9 3 . T h e c o l l e c t o r ’ s g u i d e t o f o s s i l s h a r k s a n d r a y s
f r o m t h e C r e t a c e o u s o f T e x a s . B e f o r e T i m e , L e w i s v i l l e , T e x a s . 2 0 4 .

W h i t e , E l . 1 9 3 1 . T h e v e r t e b r a t e f a u n a s o f t h e E n g l i s h E o c e n e . V o l u m e I . F r o m t h e
T h a n e t S a n d s t o t h e B a s e m e n t B e d o f t h e L o n d o n C l a y . W i t h a p p e n d i c e s o n t h e
o t o l i t h s , b y G A . F r o s t , a n d o n t h e M o l l u s c a , A r t h u r W r i g l e y . L o n d o n . B r i t i s h
M u s e u m ( N a t u r a l H i s t o r y ) : 1 - 1 2 3 .

W h i t e a v e s , J . F . 1 8 8 5 . R e p o r t o n t h e I n v e r t e b r a t a o f t h e L a r a m i e a n d C r e t a c e o u s r o c k s
o f t h e B o w a n d B e l l y r i v e r s a n d a d j a c e n t l o c a l i t i e s i n t h e N o r t h - W e s t T e r r i t o r y .
G e o l o g i c a l S u r v e y o f C a n a d a , C o n t r i b u t i o n s t o C a n a d i a n P a l a e o n t o l o g y . 1 : 1 - 8 9 .

W h i t fi e l d , R P . 1 8 9 3 . N e w g e n e r a a n d s p e c i e s o f b u r r o w i n g f o s s i l b i v a l v e s h e l l . R e p o r t
o f t h e G e o l o g i c a l S u r v e y o f O h i o . 7 : 4 9 2 — 4 9 3 .

W h i t l e y , G R . 1 9 3 9 . T a x o n o m i c n o t e s o n s h a r k s a n d r a y s . A u s t r a l i a n Z o o l o g i s t . 9 ( 3 ) :
2 2 7 - 2 6 2 .

W i e d - N e u w i e d , A . P . M . , v o n . 1 8 3 9 - 1 8 4 1 . R e i s e i n d a s I n n e r e N o r d - A m e r i c a i n d e n

J a h r e n 1 8 3 2 b i s 1 8 3 4 . J . H o e l s c h e r , K o b l e n z . 2 v o l u m e s .

W i l l i a m s o n , T . E . , K i r k l a n d , J . I . , L u c a s , S . G . 1 9 9 3 . S e l a c h i a n s f r o m t h e G r e e n h o m
C y c l o t h e m ( “ M i d d l e ” C r e t a c e o u s : C e n o m a n i a n - T u r o n i a n ) , B l a c k M e s a , A r i z o n a ,

a n d t h e p a l e o g e o g r a p h i c d i s t r i b u t i o n o f L a t e C r e t a c e o u s s e l a c h i a n s . J o u r n a l o f
P a l e o n t o l o g y . 6 7 ( 3 ) : 4 4 7 - 4 7 4 .

W o o d w a r d , A S . 1 8 9 4 . N o t e s o n t h e s h a r k s ’ t e e t h f r o m t h e B r i t i s h C r e t a c e o u s
f o r m a t i o n s . P r o c e e d i n g s o f t h e G e o l o g i s t s ’ A s s o c i a t i o n , L o n d o n . 1 3 : 1 9 0 - 2 0 0 .

W r i g h t , E R 1 8 6 6 . C o n t r i b u t i o n s t o a n a t u r a l h i s t o r y o f t h e T e r e d i d a e . T r a n s a c t i o n s o f
t h e L i n n e a n S o c i e t y o f L o n d o n . 2 5 : 5 6 1 - 5 6 8 .

Z a m m i t - M a e m p e l , G . 1 9 7 5 . F o s s i l s h a r k s ’ t e e t h : A m e d i e v a l s a f e g u a r d a g a i n s t
p o i s o n i n g . M e l i t a H i s t o r i c a . 6 : 3 9 1 - 4 0 6 .

Z a n g e r l , R . 1 9 7 9 . N e w C h o n d r i c h t h y e s f r o m t h e M a z o n C r e e k f a u n a ( P e n n s y l v a n i a n ) o f
I l l i n o i s . I n N i t e c k i , M . H . ( e d . ) . M a z o n C r e e k F o s s i l s . A c a d e m i c P r e s s , N e w

Y o r k . 4 4 9 - 5 0 0 .

Z a n g e r l , R . 1 9 8 1 . C h o n d r i c h t h y e s I . P a l e o z o i c E l a s m o b r a n c h i i : H a n d b o o k o f
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P a l e o i c h t h y o l o g y . V o l u m e 3 A . S h u l t z e , H . - P . ( e d ) . G u s t a v F i s c h e r V e r l a g ,
S t u t t g a r t a n d N e w Y o r k . 1 1 5 .

Z o o k , E . a n d B e h r e n s m e y e r , A . 2 0 0 8 . R o o t d a m a g e t o u n f o s s i l i z e d , b u r i e d b o n e s :
r e s u l t s o f a p i l o t s t u d y . J o u r n a l o f V e r t e b r a t e P a l e o n t o l o g y . 2 8 ( s u p p l e m e n t 3 ) :
1 6 5 A .
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